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Once for prophylaxis. 
Once daily for cure. 


The prophylactic dose of ROCEPHIN is also the daily therapeutic 
dose. ROCEPHIN, 1 gm given once prior to surgery,” provides 
effective prophylaxis against infection and is on board throughout 
the perioperative period—even if surgery is delayed or prolonged. 


And ROCEPHIN, 1 gm given once a day. is the therapeutic dosage 
for the following common postsurgical infections: respiratory 
tract or skin/skin structure infections due to Staphylococcus aureus, 
Klebsiella pneumoniae and Proteus mirabilis; urinary tract infections 
due to Escherichia coli, K. pneumoniae and P mirabilis. 


Efficacy, economy and ease. ROCEPHIN: 1 gm once for prophylaxis, 
once daily for cure. 
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ceftriaxone sodium/Roche 


As with any cephalosporin, there exists the possibility of hypersensitivity reactions, 
especially in individuals with a history of sensitivity. 








© 1989 by Hoffmann-La Roche Inc. * In contaminated or potentially contaminated Please see adjacent page for summary of product information 
All rights reserved procedures (eg., vaginal or abdominal 

hysterectomy), and for patients in whom 

infection at the operative site would present 

serious risk (e.g., Coronary artery bypass 

graft [CABG] surgery) 
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i _ ROCEPHIN® (ceftriaxone sodium/Rache) i 4 
~~ Botore prescribing, please consult somplete product information, & 
INDICATIONS AND USAGE: Rocephin is indicated for the treatment 
_ caused dy susceptible orgarisrrs: 

- LOWER RESPIRATORY TRACT INFECTIONS caused by Strep. pneumoniae, Streptococcus spe- 
L ding enterococci), Staph. aureus, H. influenzae, H. parainfluenzae, Klebsiella species 
(including K. pneumoniae), E. celi, E. aerogenes, Proteus mirabilis and Serratia marcescens. 
SKIN AND SKIN STRUCTURE INFECTIONS caused by Staph. aureus, Staph. epidermidis, Strep- 
tococcus species (excluding enierococci), E. cloacae, Klebsiella species (including K. pneumo- 
pe niae), Proteus mirabilis and Pseødomonas aeruginosa. 
L URINARY TRACT INFECTIONS (zomplicated and uncomplicated) caused by E. coli, Proteus mir- 
PA abilis, Proteus vulgaris, M. morganii and Klebsiella species (including K. pneumoniae). 
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UNCOMPLICATED GONORRHEA (cervical/urethral and rectal) caused by Neisseria gonor- 
rhoeae, cluding both penicillinase and nonpenicillinase producing strains. 





PELVIC INFLAMMATORY DISEASE caused by N. gonorrhoeae. 


f BACTERIAL SEPTICEMIA caused by Staph. aureus, Strep. pneumoniae, E. coli, H. influenzae and 
K. pneumoniae. 


BONE AND JOINT INFECTIONS caused by Staph. aureus, Strep. pneumoniae, Streptococcus 
species (excluding enterococci). E. coli, P. mirabilis, K. pneumoniae and Enterobacter species. 


INTRA-ABDOMINAL INFECTIONS caused by E. coli and K. pneumoniae. 


MENINGITIS caused by H. influenzae, N. meningitidis and Strep. pneumoniae. Ceftriaxone has 
also been used successfully in a limited number of cases of meningitis and shunt infections 
caused dy Staph. epidermidis and E. coli. 


SURGICAL PROPHYLAXIS: Preqperative administration of a single 1 gm dose may reduce inci- 
dence of postoperative infections in patients undergoing surgical procedures classified as con- 
taminated or potentially contamimated (e.g., vaginal or abdominal hysterectomy) and in those for 
whom intection at the operative site presents serious risk (e.g., during coronary artery bypass 
surgery). 

Although'ceftriaxone has been shown to have been as effective as 
cefazolimin the prevention of infection following coronary artery by- 
pass surgery, no placebo-controlied trials have been conducted to 
evaluate any cephalosporin antibiotic in the prevention of infection 
followingscoronary artery bypass surgery. When administered be- 
fore indicated surgical procedures, a single 1 gm dose provides 
protection from most infections due to susceptible organisms for 
duration of procedure. 


SUSCEFTIBILITY TESTING: Before instituting treatment with 
Rocephin, appropriate specimens should be obtained for isolation 
of the causative organism and for determination of its susceptibil- 
ity to the drug. Therapy may be ir stituted prior to obtaining results 
of susceptibility testing. 


CONTRAIMDICATIONS: Rocephin is contraindicated in patients with 
known allergy to the cephalosposin class of antibiotics. 


WARNINGS: BEFORE THERAPY WITH ROCEPHIN IS INSTITUTED, 
CAREFUL INQUIRY SHOULD BE MADE TO DETERMINE WHETH- 
ER THE PATIENT HAS HAD PREWIOUS HYPERSENSITIVITY RE- 
ACTIONS TO CEPHALOSPOR NS, PENICILLINS OR OTHER 
‘ DRUGS. THIS PRODUCT SHOULD BE GIVEN CAUTIOUSLY TO 
PENICILLIN-SENSITIVE PATIENTS. ANTIBIOTICS SHOULD BE 
ADMINISTERED WITH CAUTION TO ANY PATIENT WHO HAS 
DEMONSTRATED SOME FORM OF ALLERGY, PARTICULARLY TO 
DRUGS. SERIOUS ACUTE HYPERSENSITIVITY REACTIONS MAY 
REQUIRE THE USE OF SUBCUTANEOUS EPINEPHRINE AND 


i OTHER EMERGENCY MEASURES 
F Pseudomembranous colitis, with nearly all antibacterial agents, including ceftriaxone, may 
-range in severity from mild to |Ife-threatening. Therefore, consider this diagnosis in patients who present 


with diarrhea subsequent to administration of antibacterial agents. 


Treatment with antibacterial agents alters normal flora of the colon and may permit overgrowth 
of clostridia. Studies indicate a oxin produced by Clostridium difficile is one primary cause of 
“antibiotic-associated colitis.” 


E 
$. After establishing diagnosis of pseudomembranous colitis, initiate therapeutic measures. Mild 
i cases of pseudomembranous coltis usually respond to drug discontinuation alone. In moderate to 
-severe cases, consider management with fluids and electrolytes, protein supplementation and 
treatment with an oral antibacterial drug effective against C. difficile. 


PRECAUTIONS: GENERAL: Although transient elevations of BUN and serum creatinine have been 
_ observec, at the recommended cosages, the nephrotoxic potential of Rocephin is similar to that of 
-ther cephalosporins. 

Ceftriaxone is excreted via both biliary and renal excretion (see Clinical Pharmacology) Therefore, 

patients with renal failure normally require no adjustment in dosage when usual doses of Rocephin 
are administered, but concentrations of drug in the serum should be monitored periodically. If evi- 
_ dence of accumulation exists, dosage should be decreased accordingly. 


Dosage adjustments should not be necessary in patients with hepatic dysfunction; however, in pa- 
_ tients with both hepatic dysfunction and significant renal disease, Rocephin dosage should not ex- 
ceed 2 gm daily without close manitoring of serum concentrations. 


Alterations in prothrombin times fave occurred rarely in patients treated with Rocephin Patients 

» with impaired vitamin K synthesis or low vitamin K stores (e.g., chronic hepatic disease and mal- 

grion may require monitoring of prothrombin time during Rocephin treatment. Vitamin K ad- 

ereua (10 mg weekly) may b2 necessary if the prothrombin time is prolonged before or during 
~ therapy. 

x Prolonged use of Rocephin may result in overgrowth of nonsusceptible organisms. Careful obser- 
vation of the patient is essential. If superinfection occurs during therapy, appropriate measures 
should be taken. 

_ Rocephin should be prescribed with caution in individuals with a history of gastrointestinal dis- 

ease, especially colitis. 


Rare cases reported of sonographic abnormalities seen in the gallbladder; patients may also have 
“symptoms of gallbladder disease These abnormalities, variously described as sludge, precipita- 
? tions, echoes with shadows, may be misinterpreted as concretions. Chemical nature of sonograph- 
; ically-detected material not deternined. Condition appears to be transient and reversible upon 
_ discontinuation of Rocephin end conservative management Therefore, discontinue Rocephin if 
- _ signs an¢:symptoms suggestive o gallbladder disease and/or the sonographic findings described 
_ above develop. 
“ CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Carcinogenesis: Considering 
` the maximum duration of treatment and the class of the compound, carcinogenicity studies with 
Ceftriaxone in animals have not been performed. The maximum duration of anima! toxicity studies 
was six months. 
pees: Genetic toxicology sts included the Ames test, a micronucleus test and a test for 
romoscmal aberrations in human lymphocytes cultured in vitro with ceftriaxone. Ceftriaxone 
si ed ne potential for mutagenic activity in these studies. 
\ pairment of Fertility: Ceftriaxone produced no impairment of fertility when given intravenously to 
aA A ord doses up to 586 mg/kg/day, approximately 20 times the recommended clinical dose 
PR GNAMICY: Teratogenic Effects Pregnancy Category B. Reproductive studies have been per- 
ed inwmice and rats at doses.up to 20 times the usual human dose and have no evidence of 
icity, fetotoxicity or teratogenicity. In primates, no embryotoxicity or teratogenicity was 
strated at a dose approximately three times the human dose. 
@ are: however, no adequate end well-controlled studies in pregnant women. Because animal 
e e studies are not always predictive of human response, this drug should be used dur- 
pregnancy only if clearly needed. 
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> poš $ with intravenously administered ceftriaxone, no adverse effects were 
on various reproductive parameters during and lactation, including postnatal growth, 

functional behavior and reproductive ability of the offspring, at doses of 586 mg/kg/day or less, 
NURSING MOTHERS: Low concentrations of ceftriaxone are excreted in human milk. Caution 
should be exercised when Rocephin is administered to a nursing woman. 
PEDIATRIC USE: Safety and effectiveness of Rocephin in neonates, infants and children have been 
established for the dosages described in the Dosage and Administration section. /n vitro studies 
have shown ceftriaxone, like some other cephalosporins, can displace bilirubin from serum albu- 
min. Rocephin should not be administered to hyperbilirubinemic neonates, especially prematures. 
ADVERSE REACTIONS: Rocephin is generally well tolerated. In clinical trials, the following adverse 
reactions, which were considered to be related to Rocephin therapy or of uncertain etiology, were 
observed: 
LOCAL REACTIONS—pain, induration or tenderness at the site of injection (1%). Less frequently 
reported (less than 1%) was phlebitis after I.V. administration. 
HYPERSENSITIVITY—rash (1.7%). Less frequently reported (less than 1%) were pruritus, fever 
or chills. 
HEMATOLOGIC—eosinophilia (6%), thrombocytosis (5.1%) and leukopenia (2.1%), Less frequent- 






ly reported (less than 1%) were anemia, neutropenia, lymphopenia, thrombocytopenia and prolon- ` 


gation of the prothrombin time. 
GASTROINTESTINAL—diarrhea (2.7%). Less frequently reported (less than 1%) were nausea or 
vomiting, and dysgeusia. Onset of pseudomembranous Colitis symptoms may occur during or after 
antibiotic treatment (see WARNINGS). 
HEPATIC—elevations of SGOT (31%) or SGPT (3.3%). Less frequently reported (less than 1%) 
were elevations cf alkaline phosphatase and bilirubin 
RENAL—elevations of the BUN (1.2%). Less frequently reported (less than 1%) were elevations of 
creatinine and tha presence of casts in the urine. 
CENTRAL NERVOUS SYSTEM—headache or dizziness were re- 
ported occasionally (less than 1%). 
GENITOURINARY—moniliasis or vaginitis were reported occa- 
sionally (less than 1%). 
MISCELLANEOUS—diaphoresis and flushing were reported oc- 
casionally (less than 1%) 
Other rarely observed adverse reactions (less than 0.1%) include 
leukocytosis, lymphocytosis, monocytosis, basophilia, a decrease 
in the prothrombin time, jaundice, gallbladder sludge, glycosuria, 
hematuria, anaphylaxis, bronchospasm, serum sickness, abdom- 
inal pain, colitis, flatulence, dyspepsia, palpitations and epistaxis. 
DOSAGE AND ADMINISTRATION: Rocephin may be administered in- 
= 5 travenously or intramuscularly. The usual adult daily dose is 1 to 
2 gm given once a day (or in equally divided doses twice a day) 
VIM depending on the type and severity of the infection. The total daily 
dose should not exceed 4 grams. 
For the treatment of serious miscellaneous infections in children, other 
than meningitis, the recommended total daily dose is 50 to 75 mg/kg 
(not to exceed 2 grams), given in divided doses every 12 hours. 
Generally, Rocephin therapy should be continued for at least two 
days after the signs and symptoms of infection have disappeared. 
The usual duration is 4 to 14 days; in complicated infections longer 
therapy may be required. 
In the treatment of meningitis, a daily dose of 100 mg/kg (not to ex- 
ceed 4 grams), given in divided doses every 12 hours, should be 
administered with or without a loading dose of 75 mg/kg. 
For the treatment of uncomplicated gonococcal infections, a single intramuscular dose of 250 mg 
is recommended 
For preoperative use (surgical prophylaxis), a single dose of 1 gm administered 1/2 to 2 hours be- 
fore surgery is recommended 
When treating infections caused by Streptococcus pyogenes, therapy should be continued for at 
least ten days. 
No dosage adjustrnent is necessary for patients with impairment of renal or hepatic function; how- 
ever, blood levels should be monitored in patients with severe renal impairment (e.g., dialysis pa- 
tients) and in patients with both renal and hepatic dysfunctions. 
HOW SUPPLIED: Rocephin (ceftriaxone sodium/Roche) is supplied as a sterile crystalline powder in 
glass vials and piggyback bottles. The following packages are available: 
Vials containing 250 mg, 500 mg, 1 gm or 2 gm equivalent of ceftriaxone; piggyback bottles con- 
taining 1 gm or 2 gm equivalent of ceftriaxone; bulk pharmacy containers containing 10 gm equiv- 
alent of ceftriaxone (NOT FOR DIRECT ADMINISTRATION) 
Also supplied as a sterile crystalline powder as follows: 
ADD-Vantage Vials®* containing 1 gm or 2 gm equivalent of ceftriaxone. 
Also supplied premixed as a frozen iso-osmotic, sterile, nonpyrogenic solution of ceftriaxone so- 
dium in 50 mL single dose plastic containers,t as follows: 
1 gm equivalent of ceftriaxone, iso-osmotic with approximately 1.9 gm dextrose hydrous, USP 
added 
2 gm equivalent of ceftriaxone, iso-osmotic with approximately 1.2 gm dextrose hydrous, USP 
added 
NOTE: Rocephin in the frozen state should not be stored above -20°C 
“Registered trademark of Abbott Laboratories, Inc. 
tManufactured for Roche Laboratories, a division of Hoffmann-La Roche Inc., by Travenol Labo- 
ratories, Inc., Deerfield, Illinois 60015. pi. 0290 
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— Peritonitis 
— Abscess 
— Appendicitis 





Please see the adjacent page for a brief summary of prescribing 
information. 


*Due to sesceptible organisms. 


» /n the management of gram-negative infection... 
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AZACTAM* FOR INJECTION 
Aztreonam For Injection 


-i DESCRIPTION—AZACTAM (aztreonam, Squibb) is the first member of anew class 
`: Of antibiotics classified as monobactams. AZACTAM is a totally synthetic bacteri- 
cidal antibiotic with activity against a wide spectrum of gram-negative aerobic 
pathogens. The monobactams, having a unique monocyclic beta-lactam nucleus, 
are structurally different from other beta-lactam antibiotics. 

AZACTAM For Injection is a sterile, nonpyrogenic, sodium-free, white to 
‘ue yellowish-white lyophilized cake, containing approximately 780 mg arginine per 
<:i gtam of aztreonam for intramuscular or intravenous use following constitution. 

“Aqueous solutions of the product have a pH in the range of 4.5-7.5. 


INDICATIONS AND USAGE-Before initiating treatment with AZACTAM, appropri- 
ate specimens should be obtained for isolation of the causative organism(s) and 
for determination of susceptibility to aztreonam. Treatment with AZACTAM may be 
Started empirically before results of the susceptibility testing are available; sub- 
sequently, appropriate antibiotic therapy should be continued. 

-AZACTAM For Injection is indicated for the treatment of the following infections 
used by susceptible gram-negative microorganisms: Urinary Tract infections 
(complicated and uncomplicated), including pyelonephritis and cystitis (initial 
and recurrent) caused by Escherichia coli, Klebsiella pneumoniae, Proteus mirabilis, 
Pseudomonas aeruginosa, Enterobacter cloacae, Klebsiella oxytoca*, Citrobacter 
species‘ and Serratia marcescens’. Lower Respiratory Tract Infections, includ- 
ing pneumonia and bronchitis caused by Escherichia coli, Klebsiella pneumoniae, 
Pseudomonas aeruginosa, Haemophilus influenzae, Proteus mirabilis, Enterobacter 
species and Serratia marcescens*. Septicemia caused by Escherichia coli. 
_ Klebsiella pneumoniae, Pseudomonas aeruginosa, Proteus mirabilis", Serratia 
marcescens’ and Enterobacter species, Skin-and Skin-Structure Infections, 
including those associated with postoperative wounds, ulcers and burns causec 
by Escherichia coli, Proteus mirabilis, Serratia marcescens, Enterobacter species, 
Pseudomonas aeruginosa, Klebsiella pneumoniae, and Citrobacter species". intra- 
abdominal Infections, including peritonitis caused by Escherichia coli, Klebsiella 
Species, including K. pneumoniae, Enterobacter species including E. cloacae’, 
«Pseudomonas aeruginosa, Citrobacter species" including C. freundii* and Serratia 
Species* including S. marcescens*. Gynecologic Infections, including endome- 
tritis and pelvic cellulitis caused by Escherichia coli, Klebsiella pneumoniae* 
Enterobacter species" including E. cloacae*, and Proteus mirabilis*. 

-. -AZACTAM is indicated for adjunctive therapy to surgery in the management of 
¿infections caused by susceptible organisms, including abscesses, infections com- 
~plicating hollow viscus perforations, cutaneous infections and infections of se- 
: fous surfaces. AZACTAM is effective against most of the commonly encountered 
_. gram-negative aerobic pathogens seen in general surgery. 


¿Concurrent Therapy—Concurrent initial therapy with other antimicrobial agents 
and AZACTAM is recommended before the causative organism(s) is known in 
<. Seriously if! patients who are also at risk of having an infection due to gram- 
<- positive aerobic pathogens. If anaerobic organisms are also suspected, therapy 
Should: be initiated using an antianaerobic agent concurrently with AZACTAM. 
_ Certain antibiotics (e.g., cefoxitin, imipenem) may induce high levels of beta- 
-lactamase in vitro in some gram-negative aerobes such as Enterobacter and Pseu- 

_domonas species, resulting in antagonism to many beta-lactam antibiotics 
~ -cincluding aztreonam. These in vitro findings suggest that such beta-lactamase 
inducing antibiotics not be used concurrently with aztreonam. Following identifi- 
~ Cation and susceptibility testing, appropriate antibiotic therapy should be 
continued, ` 

“CONTRAINDICATION —Aztreonam is contraindicated in patients with known at- 

“ lergy to this antibiotic. 


“ WARNINGS-—Careful inquiry should be made for a history of hypersensitivity re- 
‘action to any antibiotic or other drugs. Antibiotics should be given with caution to 
iny patient who has had some form of allergy, particularly to drugs. it is 
recommended that patients who have had immediate hypersensitivity reactions 
€.9., anaphylactic or urticarial) to penicillins and/or cephalosporins should be 
lowed with special care. If an allergic reaction to aztreonam occurs, discon- 
< tinue the drug:and institute supportive treatment as appropriate (e.g., mainte- 
=o nance of ventilation, pressor amines, antihistamines, corticosteroids). Serious 
hypersensitivity reactions may require epinephrine and other emergency 
-:: measures: 
-PRECAUTIONS —-Generai: in patients with impaired hepatic or renal function, ap- 
propriate monitoring is recommended during therapy. If an aminoglycoside is 







































E "Efficacy for this organism in this organ system was studied in fewer than ten 
infections. 








-In the management of gram-negative infection... 


Azactam instead. 


aztreonam 
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used concurrently with aztreonam, especially if high dosages of the former are i 
used or if therapy is prolonged, renal function should be monitored because of | 
the potential nephrotoxicity and ototoxicity of aminoglycoside antibiotics, The 
use of antibictics may promote the overgrowth of nonsusceptible organisms, in: 
cluding gram-positive organisms and fungi. Should superinfection occur during © 
therapy, appropriate measures should be taken. 


Carcinogenesis, Mutagenesis, Impairment of Fertility—-Carcinogenicity studies 
in animals have not been performed. Genetic toxicology studies performed in vivo. 
and in vitro with aztreonam in several standard laboratory models revealed no 
evidence of mutagenic potential at the chromosomal or gene level. Two-generation 
reproductioy studies in rats at daily doses up to 20 times the maximum ` 
recommended human dose, prior to and during gestation and lactation, revealed 
no evidence ef impaired fertility. There was a slightly reduced survival rate during 
the lactation >eriod in the offspring of rats that received the highest dosage, but | 
not in offspring of rats that received five times the maximum recommended ħu- 
man dose. ` 


Pregnancy—regnancy Category B: Aztreonam crosses the placenta and enters; 
the fetal circudation. Studies in pregnant rats and rabbits, with daily doses up to 15: 
and 5 times, sespectively, the maximum recommended human dose, revealed no 
evidence of embryo- or fetotoxicity or teratogenicity. No drug induced chang 
were seen in any of the maternal, fetal or neonatal parameters that were monitored 
in rats receiving 15 times the maximum recommended human dose of aztreonam ha 
during late gestation and lactation. There are no adequate and well-controlled | 
studies in pregnant women. Because animal reproduction studies are not always | 
predictive of 1uman response, aztreonam shouid be used during pregnancy only 
if clearly needed. 























Pediatric Use—Safety and etfectiveness have not been established in infants and 
children. 


ADVERSE REACTIONS—Locai reactions such as phiebitis/thrombophiebitis fol- 
lowing IV adninistration, and discomfort/swelling at the injection site following IM 
administraticn occurred at rates of approximately 1.9% and 2.4%, respectively. Sys- 
temic reacticns (considered to be related to therapy or of uncertain etiology) 
curring at anincidence of 1 to 1.3% include diarrhea, nausea and/or vomiting, and 
rash. Reactiens occurring at an incidence of less than 1% are listed within each . 
body systerı in order of decreasing severity: Hypersensitivity—anaphylax| 
Hematologic~pancytopenia, neutropenia, thrombocytopenia, anemia, leukocyto- 
sis, thrombosytosis. Gastrointestinal- abdominal cramps; rare cases of C. difficile- 
associated diarrhea, including pseudomembranous colitis, or gastrointestinal 
bleeding have been reported. Dermatologic—-purpura, erythema multiforme, urti 
caria, exfoliaive dermatitis, petechiae, pruritus, diaphoresis. Cardiovascular—hypo- 
tension, transient ECG changes (ventricular bigeminy and PVC). Respiratory—-one 
patient experienced flushing, chest pain, and dyspnea. Hepatobiliary~hepatitis, 
jaundice. Nervous System—seizure, confusion, vertigo, paresthesia, insomnia, diz- : 
ziness. Muszuloskeletal-muscular aches. Special Senses—tinnitus, diplopia, 
mouth ulcer, altered taste, numb tongue, sneezing and nasal congestion, halito- 
sis. Other—vaginal candidiasis, vaginitis, breast tenderness. Body as a Whole— 
weakness, headache, fever, malaise. 


Adverse Laboratory Changes—Those reported without regard to drug relation- 
ship during clinical trials were: Hepatic—elevations of AST (SGOT), ALT (SGPT), 
and alkaline phosphatase; signs or symptoms of hepatobiliary dysfunction oc- 
curred in lees than 1% of recipients (see above). Hemic—increases in prothrom- , 
bin and pactial thromboplastin times, eosinophilia, positive Coombs test. 
Renal~increases in serum creatinine. 

OVERDOSAGE-—If necessary, aztreonam may be cleared from the serum by 
hemodialysis and/or peritoneal dialysis. 

DOSAGE AND ADMINISTRATION—Dosage adjustments are recommended for 
patients witk impaired renal function. in elderly patients, estimates of creatinine”: 
Clearance should be obtained and appropriate dosage modifications made if 
necessary. 

HOW SUPPLIED-—AZACTAM For Injection (Aztreonam For injection)—Lyophilized— 
is supplied n single-dose 15 mL vials containing 500 mg, or 1 g/vial, in single- 
dose 30 mE vials containing 2 g/vial: and in single-dose 100 mL. intravenous 
infusion boles containing 500 mg or 1 g or 2g/bottie. 

Consult package insert before prescribing AZACTAM (aztreonam). 
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THE FIRST 
INJECTABLE 
FROM SYNTEX LABORATORIES ANALG ESIC NSAI D 


FOR THE 


> MANAGEMENT OF 
POSTOPERATIVE 
AND OTHER 
ACUTE PAIN 








Artist's interpretation of pain relief 
through reduction of prostaglandin 
levels that reduces the sensitivity 

of afferent receptors at peripheral 

nerve endings 





NARCOTIC EFFICACY 
WITHOUT NARCOTIC 
DRAWBACKS 


The first peripherally acting analgesic 
with efficacy comparable to morphine R mg 


-and meperidine 100 mg 


LONGER DURATION 
OF ANALGESIA 


TDRADOL 30 mg IM (N=169) | 





d alysis of 5 randomized, double-blind, single-dose _- 
es (2 vs morphine, 3 vs. meperidine). Pain relief was 
ured:on a scale of 0-4: 0 <-none, 1 = poor, 2 = fair, : 
ood, 4 very good pain relief. : 


Documented efficacy following a broad r ng 
of surgical procedures: : 


eneral, orthopaedic, gynecologic (not for bieri use) 2 





Morphine 12 mg IM (N=78} ©: t : 7 : 


Meperidine 100 mg IM(N=92) | 














































































































































































































































































































% of patients reporting complaints 


START RECUPERATION 
WITHOUT NARCOTIC 
SIDE EFFECTS" 


@ 62% less nausea and 44% less vomiting 
æ 48% fewer CNS side effects 

æ No respiratory depression 

æ No hypotension 


@ 1-day earlier resumption of normal bowel function 
following major abdominal surgery 


Æ No difference in clinically significant postoperative bleeding 
with TORADOL™ (04%) as compared to opiates (0.2%) 


Comparison of most frequently reported side effects in 2 multi-dose studies (TORADOL ™ vs morphine)” 
59% (43% |40% 62% | 44% 90% (97% (4% 


+ REDUCTION | REDUCTION | REDUCTION REDUCTION | REDUCTION REDUCTION | REDUCTION | REDUCTION 


13% 
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% of patients reporting complaints 
% of patients reporting complaints 


0 
SOMNOLENCE HEADACHE DIZZINESS NAUSEA VOMITING 
CNS GI 








W Morphine (N=151) MJ TORADOL (N=509) 


Adverse reactions rates from short-term use of NSAIDs are 
generally from 1/2 to 1/10 the rates associated with chronic 
usage. This is also true for TORADOL™ 


FOR 
POSTOPERATIVE 
AND OTHER 
ACUTE PAIN 


*As with other nonsteroidal drugs, the most frequently reported side effects are 
gastrointestinal, with some GI symptoms reported by 3-9% of patients in clinical trials. 
See “Warnings; “Precautions, and “Adverse Reactions” sections of prescribing information. 

**Most frequently reported side effects in major body systems with the exception of 
the cardiovascular system. 2% of patients treated with Toradol reported vasodilation 
as compared to 1% of patients treated with morphine. 


1. Documented in 2 randomized, double-blind, multi-dose stusies in which 509 patients received ketorolac 30 mg and 151 patients received 
morphine 10 mg or morphine 12 mg. Bowel function was ezaluated in a subset of 47 patients undergoing gastric bypass surgery. Data on file, 
Syntex Laboratories, inc., Document #900372. 

2. Data on file, Syntex Laboratories, inc., Document #900372 
Please see brief summary of prescribing information on las page of this advertisement. 
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Analgesic therapy well suited 
for postoperative use 


TORADOL™ is not an opiate 

m Does not act on opiate receptor sites 

m No potential for abuse 

= No special restrictions or controls required 


May be an appropriate alternative to narcotics for: 
w Patients with narcotic allergy or intolerance 
m Patients with a history of, or potential for, drug abuse or dependence 


Special advantages may facilitate postoperative 
recuperation 


m Patients with COPD or the obese—no negative effects 
on pulmonary function 


m= Ambulatory surgery patients—less CNS impairment (e.g. 59% less 
somnolence and 40% less dizziness) 


Optimize analgesia on the day of surgery 


m= On the day of surgery, some TORADOL™ patients may require 
supplemental narcotics if pain relief is inadequate 1-2 hours 
after dosing 


m= On average, only one supplemental dose of narcotics may be required? 


TORADOL™ 


(KETOROLAC TROMETHAMINE) és 


* NARCOTIC EFFICACY WITHOUT NARCOTIC DRAWBACKS* 





FUK 
POSTOPERATIVE 
AND OTHER 
ACUTE PAIN 
TORADOL”™ 
INJECTIO 


(KETOROLAC TROMETHAMINE) 33% 


OPTIMIZE ANALGESIC THERAPY 
FOR THE POSTOPERATIVE PATIENT 


PROPER DOSAGE POSTOPERATIVELY 
For maximum analgesia: 


@ Give patients prompt pain relief: start with loading dose of 60 mg IM 

Æ Follow with maintenance dose of 30 mg IM Q6h to control pain 

Æ The recommended maximum total daily dose is 150 mg for the first day and 
120 mg/day thereafter’ ; 








Simulated incremental plasma concentrations after 
2 multi-dose regimens: (1) TORADOL ™ 30 mg Q6h (no load); 
(2) TORADOL ™ 60 mg LOADING DOSE followed by 30 mg Q6h 


A = Plasma concentration above which side effects are more frequent 


B = Estimated concentration required to obtain 50% decreases in pain 
intensity scores in dental surgery pain 


Concentration (g/mL) 


Achieve optimal peak and trough plasma levels by starting with 
a loading dose (e.g., 60 mg), while maintaining plasma levels 
within the recommended therapeutic range. Follow with 
maintenance doses (e.g., 30 mg every 6 hours) to keep plasma 7 H aa pi 
levels in the optimal range. Time (hours) 











Patient Selection: Use in patients with moderate-to-severe postoperative pain 
following general, orthopaedic, or gynecologic surgery (not for obstetric use) 
Lower doses: 

m Recommended for patients under 50 kg (110 pounds), patients over 65 years 
of age, and patients with reduced renal function 

@ Start with loading dose of 30 mg IM 

m Follow with maintenance dose of 15 mg IM O6h to control pain 


On the day of surgery, some TORADOL ™ patients may require supplemental 
narcotics if pain relief is inadequate 1-2 hours after dosing 
(not compatible in same syringe) 


“Dosages above those recommended are not associated with commensurete increases in efficacy. z 
Please see brief summary of prescribing information on last page of this advertisement. 


© 1990 Syntex Laboratories, Inc. TD 90037 


TORADOL® iM (ketorolac tromethamine) 














ng sodium chloride in sterile water, The 30 mg/ml solution contains 10% lw/vi alcohol, USP i 
chlo studied with TORADOL. Some NSAIDs reduce the cleatarice of miethotrexate, enhan 
red concurent y wiht 


to 1 year, the inciden 
54%), associated will 







impaired tenal 
‘Jong-term: administra lary necrosis and other abnormal renal pathology. In 
‘humans, hematuria and proteinuria have ‘oteuered in long-term trials with oral ketorolac with a frequency and degree 
similar to asp rin. A second form of renal toxicity has been seen in patients with conditions leading to a reduction in 
‘blood volume and/or: renat blood flow: In these patients, an NSAID may precipitate overt renal failure. Patients at 
peat risk are those with impaired renal fuaction, heart failure, liver dysfunction, taking diuretics, and the elderly. 
“Biscontinuation of the NSAID is typically followed by recovery. Use with caution in patients with impaired renal 
function as reduced creatinine clearance resu'ts in reduced clearance of the drug. Follow such patients closely. Fluid 
‘Retention and Edema: These have been reported with NSAIDs: use TORADOL with caution in patients with cardiac 
decompensation, hypertension, or similar conditions. Hepatic Effects: With NSAIDs, borderline elevations of liver 
tests may occur is up 16 15% of patients. These may progress, remain unchanged, or disappear with continued 
therapy. Elevations of ALT (SGPT) or AST (SGOT) occurred in clinical trials with oral ketorolac in less than 1% of 
patients, Evaluate a patient with symptoms and/or signs suggesting liver dysfunction, or in whom an abnormal liver 
test has occurred, for evidence of a more severe hepatic reaction. Hematologic Effects: TORADOL inhibits platelet 
aggregation and may prolong bleeding tme but does not affect platelet count, prothrombin time (PT) or partial 
thromboplastin time (PTT). Carefully observe patients with coagulation disorders or who are receiving drug therapy 
that interferes with hemostasis. Inhibition of platelet function by TORADOL disappears within 24-48 hours after the 
drug is discontinued. in clinical studies, the incidence of clinically significant postoperative bleeding was 04% 
compared to 0.2% in the groups receiving opiates. Drug Interactions: TORADOL is highly bound to plasma protein 
{mean 99.2%): independent of concentration. In vitro binding ot warfarin to plasma proteins is slightly reduced by 
TORADOL (99.5% contro! vs 99.3% with TORADOL 5-10 g/ml} TORADOL does not alter digoxin protein binding. At 
therapeutic concentrations of salicylate (306. pu /mlj, in vitro binding of TORADOL was reduced from 99.2% to 
975%, a potential fold increase in unbounc TORADOL plasma levels; hence, use TORADOL with caution {or at a 
reduced dosage} in patients being treated with high dose salicylate regimens. Therapeutic concentrations of digoxin, 
warfarin, ibuprofen, naproxen, acetaminopher, phenytoin, tolbutamide and piroxicam did not alter TORADOL protein 
binding. In a study of 12 healthy volunteers given TORADOL 10 mg orally for 6 days prior to co-administration ofa 
single dose of warfarin 25 mg, no significant changes in pharmacokinetics or pharmacodynamics of warfarin were 
detected. In another study of 12 healthy volurteers, co-administration of heparin 5000 U s.c. and TORADOL did not 
show any pharmacodynamic effects of the combination on temolate bleeding time or kaolin cephalin clotting time. 





symptoms such as decreased activity, diarrhea, pallor, labored breathing, sales, and. vomiting were observed 
Dosage and Administration: TORADOL may be used on a regular schedule or pin, although current recommenda 
tions for pain management are to use analgesics on a requiar schedule father. than pri-based on the return a an 


For the short-term management o! 





U.S. Patent No. 4089.969 and others 


Mfd. for Syntex Laboratories, inc. 
Palo Alto, CA 94304 
by Survival Technology, inc 
Bethesda, MD 20814 


S| SYNTEX 


02:2434.40-00 December 198 


Calendar of Events 


1990 November 26-28, World Congress Centre, Mel- Cleveland Clinic Foundation, “Colorectal Dis- 











October 


American College of Surgeons, 1990 Clinical 
Congress, October 7-12, San Francisco, Calif. 


November 
The 11th World Congress of the Collegium 


_ Internationale Chirurgiae Digestivae (CICD), 

November 3-7, Convention Centre, Hotel Taj 

Palace Intercontinental, Sardar Patel Marg, 
New Deihi, india. Contact: Manohar J. Joshi, 
MS, FRCS{Eng), FACS, 1194/23 Ghole Rd, 
Pune- 411005 India; (0212) 53698. 

Western Surgical Association, November 11- 
14, Phoenix, Ariz. 

Cleveland Clinic Foundation, “Colorectal Sur- 
gery,” November 16-17, Bunts Auditorium, The 
Cleveland (Ohio) Clinic. Contact: The Cleve- 
land Clinic Educational Foundation, Depart- 
ment of Continuing Education, 9500 Euclid Ave, 
TT81, Cleveland, OH 44195-5241; 444-5696 
(local), or (800) 762-8173 {outside Ohio). 

The. 17th Annual Scientific Meeting of the 

Clinical Oncological Society of Australia, 


Arch Surg— Vol 125, October 1990 


bourne, Australia. Contact: Secretary, Clinical 
Oncological Society of Australia, GPO Box 
4708, Sydney, NSW 2001, Australia. 


December 


Southern Surgical Association, December 2- 


5, Boca Raton, Fla. 


The Fourth International Symposium on Neu- 


tron Capture Therapy for Cancer, December 
4-7, University of Sydney (Australia). This inter- 
national symposium affords a unique opportu- 
nity for Australian cancer clinicians and rte- 
searchers to bridge the information gap about 
recent developments in neutron capture ther- 
apy. Contact for details regarding air travel and 
preliminary program: Connections Plus Pty Ltd, 
8 Richards Ave, Surry Hills, NSW 2010, Austra- 
lia; 02 360 5711, 008 028210; FAX 02 360 5708. 


1991 
February 


Pacific Coast Surgical Association, February 


17-20, Pebble Beach, Calif. 


ease in 1991: An International Exchange of 
Medical and Surgical Concepts,” February 14- 
16, The Westin Cypress Creek Hotel, Ft Lau- 
derdale, Fia. Contact: The Cleveland Clinic 
Educational Foundation, Department of Contin- 
uing Education, 9500 Euclid Ave, TT31, Cleve: 
land, OH 44195-5241; 444-5696 (local), oF 
(800) 762-8173 (outside Ohio). 


March 
Central Surgical Association, March 7-9, indi- 
anapolis, ind. 
American Association of Endocrine Sur- 
geons, March 14-16, Baltimore, Md. 


April 
American Surgical Association, April 4-6, 
Boca Raton, Fla. 
Southwestern Surgical Congress, April 21-24, 
Las Vegas, Nev. 
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This remarkable surgical 
patch, capable of tissue 
incorporation and possessing 
both strength and superior 
handling, is used in even the 
most demanding soft 
tissue repairs. 

Clinical experience shows 
that the GORE-TEX” Soft 
Tissue Patch provides depend- 
able reinforcement and 
suture retention, low levels of 
complications, and con- 
forms easily to the contours of 
the natural tissue. 

























And yet, the high, 
balanced strength of 
the Soft Tissue 
Patch does not = 
sacrifice the softness 
of the material. The =~ 
result is less tissue irrita- 
tion and greater comfort 
for the patient postoperatively. 
Also, it is highly versa- 
tile. It is widely used in clinical 
applications ranging from 
hernia repairs, including large 
abdominal wall defects, to 
prolapse, banding and recon- 
struction of tissue deficiencies. 
Tissue ingrowth is encour- 
aged by the microporous 
structure of the GORE-TEX 
Soft Tissue Patch, unlike 
other prostheses that can 
become encapsulated by 


~ fibrous scar tissue. Recent 


clinical publications and 
experience support greater 
tissue acceptance an 

a significantly lower inci- 

dence of visceral adhe- 

sions in the experimental 


i ~ model. 







aged sterile, the 

-TEX Soft Tissue 
nes in both 

2.0mm thick- 


| 


| 
| 
| 
| 
| 


-nesses and can 
be resterilized. 
It provides 
“Sunmatched 
performance: 
uperior handling, 
~ incorporation, resis- 
~ tance to adhesion forma- 









tion and treatability in the 


presence of infection. 
For more information, 
use the coupon or call, toll free, 


800/638-4804. 
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O Please have your sales representative call for an 
appointment. 

O Send detailed information concerning clinical results. 

O I'm interested in a free sample of the GORE-TEX™ 
Soft Tissue Patch. 
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Hospital Affiliation 


W.L. Gore & Associates, Inc. 
Post Office Box 1220, Route 213 North 
Elkton, MD 21921 
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GORETEX is a trademark of W.L. Gore & Associates, Inc, 
©1988 W.L. Gore & Associates, Inc. 
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NJECTION 
NFUSION 


“1 order ZANTAC...continuously.” 


“Continuous infusion gives me the control | want to 
meet my therapeutic goals of pH and volume control 
in acid-peptic disorders, but it doesn’t raise added 
concerns about safety, drug interactions, or CNS effects.” 


“With ZANTAC, | get... 


“24-hour median gastric pH of 6.3 
in duodenal ulcer patients'”; 


“24-hour mean gastric volume of 18.3 ml’; and 
“No loading dose is needed for rapid onset.”"” 


New continuous infusion _ 


antaCt lection 


= antiaine HCY GIAX0 25me/mi 
150mg/day 





& i dA hay Oe 
“Sw Glaxo/{> Q Glaxo Pharmaceuticals 


Please see complete Prescribing Information for indications 
t Rare cases of CNS effects, usually reversible, have been reported. Please 
see complete Prescribing Information for precautions 
Please see references and Brief Summary of Prescribing Information on next page 





on gastric pH and acid secretion: a comparison of relative efficacy and cost. Ann Intern Med. 1990:112(5):334-339. 
2. Data on file, Glaxo Inc. 3. Sanders SW, Buchi KN, Moore JG, Bishop AL. Pharmacodynamics of intravenous ranitidine 
after bolus and continuous infusion in patients with healed duodenal ulcers. Clin Pharmacol Ther. 1989;46(5):545-551. 


Zantac® Injection BRIEF SUMMARY ; INDEX TO ADVERTISERS 


(ranitidine hydrochloride) 


Zantac® Injection Premixed 
(ranitidine hydrochloride) 


The following is a brief summary only. Before prescribing, see complete prescribing information in Zantac® 
Injection/Zantac* lgan Premixed product labeling. 

INDICATIONS AND USAGE: Zantac® Injection and Zantac” Injection Premixed are indicated in some hospitalized 
patients with pathological hypersecretory conditions or intractable duodenal ulcers, or as an alternative to the oral 
dosage form for short-term use in patients who are unable to take oral medication. 

col DICATIONS: Zantac® Injection and Zantac” Injection Premixed are contraindicated for patients known to 
ee ay to the drug. 





General: 1. Symptomatic response to Zantac® therapy does not preclude the presence of gastric malignancy. 

2. Since Zantac is excreted primarily by the kidney, dosage should be adjusted in patients with impaired renal function 

(see DOSAGE AND ADMINISTRATION). Caution should be observed in patients with hepatic dysfunction since Zantac 

is metabolized in the liver. 

3. In controlled studies in normal volunteers, elevations in SGPT have been observed when Hp-antagonists have been 

administered intravenously at greater than recommended doses for five days or longer. Therefore, it seems prudent in 

patients receiving intravenous (IV) ranitidine at doses greater than or equal to 100 mg qid for periods of five days or 

longer to monitor SGPT daily (from day 5) for the remainder of IV therapy. 

4. Bradycardia in association with rapid administration of Zantac® Injection has been reported rarely, usually in 

Heal with factors predisposing to cardiac rhythm disturbances. Recommended rates of administration should not 

exceeded (see DOSAGE AND ADMINISTRATION). 

Laboratory Tests: False-positive tests for urine protein with Multistix® may occur during Zantac therapy, and there- 

pn tating with op em g horae is recommended. ' Gl I 1240-1242. 1368 1370 
rug Interactions: Although Zantac has been reported to bind weakly to cytochrome P-450 in vitro, recommended doses e EA ET nia exe o's) e TT T - - 

of the drug do not inhibit the action of the cytochrome P-450-linked oxygenase enzymes in the liver. However, there have expe Sts . 2 

been isolated reports of drug interactions that suggest that Zantac may affect the bioavailability of certain drugs by some W.L. Gore Associates, ING: E EE A A ansatts Lace 

mechanism as yet unidentified (eg, a pH-dependent effect on absorption or a change in volume of distribution). 

Carcinogenesis, Mutagenesis, Impairment of Fertility: There was no indication of tumorigenic or carcinogenic 

effects in lifespan studies in mice and rats at oral doses up to 2,000 mg/kg/d. 

Ranitidine was not mutagenic in standard bacterial tests (Salmonella, Escherichia coli) for mutagenicity at concen- 
trations up to the maximum recommended for these assays. 

In a dominant lethal assay, a single oral dose of 1,000 mg/kg to male rats was without effect on the outcome of 
two matings per week for the next nine weeks. 

Pregnancy: Teratogenic Effects: Pregnancy Category B: Reproduction studies have been performed in rats and rab- 
bits at oral doses up to 160 times the human oral dose and have revealed no evidence of impaired fertility or harm to 
the fetus due to Zantac. There are, however, no adequate and well-controlled studies in pregnant women. Because 
ana Eatin torles are not always predictive of human response, this drug should be used during pregnancy 
oni rly needed. . 
Nursing Baier: Zantac is secreted in human milk. Caution should be exercised when Zantac is administered to a Janssen Pharmaceutica ............. 1243-1244, 1383-1384 
nursing mother. 

Pediatric Use: Safety and effectiveness in children have not been established. 

Use in Elderly Patients: Ulcer healing rates in elderly patients (65 to 82 years of age) treated with oral Zantac were no 
different from those in younger age groups. The incidence rates for adverse events and laboratory abnormalities were 
also not different from those seen in other age groups. 

ADVERSE REACTIONS: Transient pain at the site of intramuscular injection has been reported. Transient local burning 
or itching has been reported with IV administration of Zantac®. 

The following have been reported as events in clinical trials or in the routine management of patients treated with 
oral or parenteral Zantac. The relationship to Zantac therapy has been unclear in many cases. Headache, sometimes 
severe, seems to be related to Zantac administration. 

Central Nervous System: Rarely, malaise, dizziness, somnolence, insomnia, and vertigo. Rare cases of reversible 

mental confusion, agitation, depression, and hallucinations have been reported, predominantly in severely ill elderly 

patients. Rare cases of reversible blurred vision suggestive of a change in accommodation have been reported. 

Cardiovascular: As with other Hz-blockers, rare reports of arrhythmias such as tachycardia, bradycardia, asystole, 

atrioventricular block, and premature ventricular beats. 

pase: Constipation, diarrhea, nausea/vomiting, and abdominal discomfort/pain, and rare reports of pan- 

creatitis. 

Hepatic: In normal volunteers, SGPT values were increased to at least twice the pretreatment levels in 6 of 12 sub- 

jects receiving 100 mg qid intravenously for seven days, and in 4 of 24 subjects receiving 50 mg qid intravenously for 

five days. There have been occasional reports of hepatitis, hepatocellular or hepatocanalicular or mixed, with or with- 

out jaundice. In such circumstances, ranitidine should be immediately discontinued. These events are usually 

reversible, but in exceedingly rare circumstances death has occurred. 

Musculoskeletal: Rare reports of arthralgias. 

epee te Blood pau lcs aopo, gronioagogni; and thrombocytopenia) have ooma in a few 
tients. These were usually reversible. Rare cases of agranulocytosis, pancytopenia, sometimes with marrow ; i E X 

EE aE Sul ATE Ania hano boon reported. Miles Pharmaceuticals ............... 1244A-D, 1282-1284 

Endocrine: Controlled studies in animals and man have shown no stimulation of any pituitary hormone by Zantac and 

No antiandrogenic activity, and cimetidine-induced gynecomastia and impotence in hypersecretory patients have 

resolved when Zantac has been substituted. However, occasional cases of gynecomastia, impotence, and loss of 

yoo have been reported in male patients receiving Zantac, but the incidence did not differ from that in the general 
pulation. 

integumentary: Rash, including rare cases suggestive of mild erythema multiforme, and, rarely, alopecia. 

Other: Rare cases of peana reactions (eg, bronchospasm, fever, rash, eosinophilia), anaphylaxis, angioneu- 

rotic edema, and small increases in serum creatinine. 

OVERDOSAGE: Information concerning possible overdosage and its treatment appears in the Brera | information. 

DOSAGE AND ADMINISTRATION: (See complete prescribing information in Zantac® Injection/Zantac* Injection Pre- 

edi infection 50 mg (2 mi) h No dil Ph ls, I 1232 

muscular Injection: 50 mg (2 mi) every six to eight hours. (No dilution necessary.) i i arenes ois wien ee 

AEren dine el EO Mg (2. Norwich Eaton Pharmaceuticals, Ine 

a. Intermittent Bolus: 50 mg (2 ml) every six to eight hours. Dilute Zantac Injection, 50 mg, in 0.9% Sodium 
Chloride or other compatible IV solution (see Stability) to a concentration no greater than 2.5 mg/ml (20 ml). Inject at 
a rate no greater than 4 ml per minute (five minutes). 

b. Intermittent infusion: 50 mg (2 m!) every six to eight hours. Dilute Zantac Injection, 50 mg. in 5% Dextrose 
Injection or other compatible IV solution to a concentration no greater than 0.5 mg/ml (100 mi). Infuse at a rate no 
greater than 5 to 7 mi per minute (15 to 20 minutes) 

Zantac Injection Premixed solution, 50 mg, in 0.45% Sodium Chloride, 100 ml, requires no dilution and should be 
infused over 15 to 20 minutes. 

in some patients it may be necessary to increase dosage. When this is necessary, the increases should be made by 
more frequent administration of the dose, but generally should not exceed 400 mg per day. 

Continuous Intravenous Infusion: Add Zantac Injection to 5% Dextrose Injection or other compatible IV solution. 


Ethican, IBe: 2 i. i600 opos asa sas es ne 12801 1285513826 


Laneracope 3 stadia a a a une a ia sos n A 


rece a rate of 6.25 mg per hour (eg, 150 mg [6 ml] Zantac Injection in 250 ml of 5% Dextrose Injection at 10.7 mi Roche Laboratories, Div. of 

fet Zollinger-Ellison patients, dilute Zantac nec en tM Injection on oar come emon Hoffman-La Roche, Ine. ....Cover 2-1229, 1236A-F, 1237 
solution to a concentration no greater than 2.5 mg/ml. Start the infusion at a rate of 1.0 mg/kg/h. If after four hours * svig a 
either a measured gastric acid output is greater than 10 mEq/h or the patient becomes symptomatic, the dose should Roerig, A Division of Pfizer, Ine. CF CAO AION '9'0) 018) 0 0n9: 1293 1297 


be adjusted upwards in 0.5-mg/kg/h increments, and the acid output should be remeasured. Doses up to 2.5 mg/kg/h 
and infusion rates as high as 220 mg/h have been used. 
Dosage Adjustment for Patients with Impaired Renal Function: On the basis of experience with a group of subjects 
with severely impaired renal function treated with Zantac, the recommended dosage in patients with a creatinine 
clearance less than 50 ml/min is 50 mg every 18 to 24 hours. Should the patient's condition require, the frequency of 
dosing may be increased to every 12 hours or even further with caution. Hemodialysis reduces the level of circulating 
ranitidine. Ideally, the dosage schedule should be adjusted so that the timing of a scheduled dose coincides with the 
end of hemodialysis. 
HOW SUPPLIED: Zantac® Injection, 25 mg/ml, containing phenol 0.5% as preservative, is available as follows: 
NDC 0173-0362-38 2-ml single-dose vials (Tray of 10) 
NDC 0173-0363-39 10-m! multi-dose vials (Singles) 
NDC 0173-0363-00 40-mi Pharmacy Bulk Packages (Singles) 
NDC 0173-0362-00 2-ml single-dose, prefilled, disposable syringes (Singles) 
Store below 30° C (86° F). Protect from light. Store 40-mi vial in carton until time of use. 5 
Zantac” Injection Premixed in 0.45% Sodium Chloride, 0.5 mg/ml, is available as a sterile, premixed solution for IV 
administration in 100-ml, single-dose, flexible plastic containers (NDC 0173-0407-00). It contains no preservatives. 
Exposure of pharmaceutical products to heat should be minimized. Avoid excessive heat. Protect from freezing. It 
is recommended that the product be stored at room temperature (25° C); however, brief exposure up to 40° C does 
not adversely affect the product. 
August 1990 


<} Glaxo Pharmaceuticals 
DIVISION OF GLAXO INC. 

Zantac® Injection in vials: 

Glaxo erecta, isemi Triangle Park, NC 27709 

Zantac” Injection in prefilled syringes: J mr 

acini for Glaxo Pharmaceuticals, Research Triangle Park, NC 27709 While every precaution is taken to ensure accuracy, we cannot guarantee 

by Survival Technology, Inc., Bethesda, MD 20814 against the possibility of an occasional change or omission in the preparation 

Zantac” Injection Premixed: e of this index. 

Manufactured for Glaxo Pharmaceuticals, Research Triangle Park, NC 27709 

by Abbott Laboratories, North Chicago, IL 60064 

© Copyright 1987, Glaxo Inc. All rights reserved. 
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NOW: REASON TO REFER 
VIRTUALLY EVERY PATIENT 
AFTER RESECTION OF 
DUKES’ C COLON CANCER 






PROVEN TO REDUCE 
ro RECURRENCE 


CPIs 


In a 52-year, cooperative, randomized trial 
of 929 Dukes’ C patients after surgical resection: 


ERGAMISOL’ +5-FU significantly increased overall survival 
and reduced tumor recurrences 


Regimen well-tolerated; adverse reactions 
“did not greatly impede patients’ compliance 
with their regimen” 


NEW 


ERGAMISOL 


== LEVAMISOLE HCI mers 


in combination with 5-fluorouracil 














Considered 


Today's Standard 


PHARMACEUTICA 


JANSSEN 


Reference: 1. Moertel CG, Fleming TR, Macdonald JS, et al. Levamisole and fluorouracil for adjuvant 
therapy of resected colon carcinoma. New Engl J Med. 1990;322:352-358. 


Please see brief summary of prescribing information on next page. 
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ERGAMISOL® (Levamisole Hydrochloride) Tablets 


Before prescribing, please consult complete prescribing information of which the 
following is a brief summary. 


INDICATIONS AND USAGE: ERGAMISOL (levamisole hydrochloride) is only indi- 
cated as adjuvant treatment in combination with fluorouracil after surgical resection 
in patients with Dukes’ stage C colon cancer. 


CONTRAINDICATIONS: ERGAMISOL (levamisole hydrochloride) is contraindi- 
cated in patients with a known hypersensitivity to the drug or its components. 


WARNINGS: ERGAMISOL (levamisole hydrochloride) has been associated with 
agranulocytosis, sometimes fatal. The onset of agranulocytosis is frequently accom- 
panied by a flu-like syndrome (fever, chills, etc.); however, in a small number of 
patients it is asymptomatic. A flu-like syndrome may also occur in the absence of 
agranulocytosis. It is essential that frre hematological monitoring be done 
routinely during therapy with ERGAMISOL and fluorouracil. Neutropenia is usually 
reversible following discontinuation of therapy. Patients should be instructed to report 
immediately any flu-like symptoms. 


Higher than recommended doses of ERGAMISOL may be associated with an in- 
e Inciderics of agranulocytosis, so the recommended dose should not be 
exce i 


The combination of ERGAMISOL and fluorouracil has been associated with frequent 
neutropenia, anemia and thrombocytopenia. 


PRECAUTIONS: Before beginning this combination adjuvant treatment, the physi- 
cian should become familiar with the labeling for fluorouracil. 


Information for Patients: The patient should be informed that if flu-like symptoms or 
malaise occurs, the physician should be notified immediately. 


Drug Interactions: ERGAMISOL (levamisole hydrochloride) has been reported to 
produce "ANTABUSE®"-like side effects when gvon concomitantly with alcohol. 
Concomitant administration of poegyian and ERGAMISOL plus fluorouracil has led 
to increased plasma levels of phenytoin. The physician is advised to monitor plasma 
levels of phenytoin and to decrease the dose if necessary. 


Laboratory Tests: On the first day of sree? with ERGAMISOL/fluorouracil, pa- 
tients should have a CBC with differential and platelets, electrolytes and liver function 
tests performed. Thereafter, a CBC with differential and platelets should be per- 
formed weekly prior to each treatment with fluorouracil with electrolytes and liver 
function tests performed every 3 months for a total of one year. Dosage modifications 
should be instituted as follows: If WBC is 2500-3500/mm3 defer the fluorouracil dose 
until WBC is > 3500/mm3. If WBC is < 2500/mm%, defer the fluorouracil dose until 
WBC is > 3500/mm3; then resume the fluorouracil dose reduced by 20%. If WBC 
remains < 2500/mm3 for over 10 days despite deferring fluorouracil, discontinue 
administration of ERGAMISOL. Both drugs should be deferred unless enough plate- 
lets are present (= 100,000/mms). 


Carcinogenesis, is, Impairment of Fertility: Adequate animal car- 
cinogenicity studies have not been conducted with levamisole. Studies of levamisole 
administered in drinking water at 5, 20, and 80 Ls ere to mice for up to 18 months 
or administered to rats in the diet at 5, 20, and 80 mg/kg/day for 24 months showed no 
evidence of neoplastic effects. These studies were not conducted at the maximum 
tolerated dose, therefore the animals may not have been exposed to a reasonable 
drug challenge. No mutagenic effects were demonstrated in dominant lethal studies 
in male and female mice, in an Ames test, and in a study to detect chromosomal 
aberrations in cultured peripheral human lymphocytes. 


Adverse effects were not observed on male or female fertility when levamisole was 
administered to rats in the diet at doses of 2.5, 10, 40, and 160 mg/kg. In arat gavage 
study at doses of 20, 60, and 180 mg/kg, the copulation period was increased, the 
duration of pregnancy was slightly increased, and fertility, pup viability and weight, 
lactation index, and number of fetuses were decreased at 60 mg/kg. No negative 
reproductive effects were present when the offspring were allowed to mate and litter. 


Pregnancy: Pregnancy Category C: Teratogenicity studies have been performed in 
rats and rabbits at oral doses up to 180 mg/kg. Fetal malformations were not ob- 
served. In rats, embryotoxicity was present at 160 mg/kg and in rabbits, significant 
embryotoxicity was observed at 180 mg/kg. There are no adequate and well- 
controlled studies in pregnant women and ERGAMISOL should not be administered 
unless the potential benefits outweigh the risks. Women taking the combination of 
ERGAMISOL and fluorouracil should be advised not to become pregnant. 
Nursing Mothers: It is not known whether ERGAMISOL is excreted in human milk; it 
p excreted po cows’ milk. Because ofthe parental 

lor serious adverse reactions in nursing infants , 
from ERGAMISOL, a decision should be made IN DUKES c 
whether to discontinue nursing or to discontinue 

the drug, taking into account the importance of COLON 
the drug to the mother. 


Pediatric Use: peo and effectiveness of 
ERGAMISOL in children have not been 
established. 


ADVERSE REACTIONS: Almost all patients re- 
ceiving ERGAMISOL (levamisole hydrochloride) 
and fluorouracil reported adverse experiences. 
Tabulated below is the incidence of adverse ex- 
periences that occurred in at least 1% of patients 
enrolled in two clinical trials who were adjuvantly 
treated with either ERGAMISOL or ERGAMISOL 
lus fluorouracil app, Bayes surgery. In the 
arger Clinical trial, 66 of patients (14%) dis- 
continued the combination of ERGAMISOL plus 
fluorouracil because of adverse reactions. Forty- 
three of these patients (9%) developed isolated 
oracombination of gastrointestinal toxicities (e.g. 
nausea, vomiting, diarrhea, stomatitis and 
gnorexia), Ten patients developed rash and/or 
pruritus. Five patients discontinued therapy be- 
cause of flu-like symptoms or fever with chills; ten 
patients developed central nervous system 
terval such as dizziness, ataxia, depression, 
confusion, memory loss, weakness, inability to 
concentrate, and headache; two patients de- 
veloped reversible neutropenia and sepsis; one 
patient because of thrombocytopenia; one pa- : 
tient because of hyperbilirubinemia. One patient in the ERGAMISOL plus fluorouracil 
group developed agranulocytosis and sepsis and died. 
In the ERGAMISOL alone arm of the trial, 15 of 310 patients (4.8%) discontinued 
therapy because of adverse experiences. Six of these (2%) discontinued because of 
rash, six because of arthralgia/myalgia, and one each for fever and neutropenia, 
urinary infection, and cough. 


For medical questions, call 1-800-253-3682 (9 AM-5 PM Eastern Time). 








ERGAMISOL 


== LEVAMISOLE HCl nates 


ERGAMISOL ERGAMISOL plus fluorouracil 
N = 440 N = 599 
Adverse experience % 


Gastrointestinal 

Nausea 

Diarrhea 

Stomatitis 

Vomiting 

Anorexia 

Abdomina pain 

Constipation 

Flatulence 

Dyspepsie 

Hematolagical 

Leukopena 
<2000smm3 
=2000to <4000/mm3 
=4000mm3 
unscored category 

Thrombocytopenia 
<50,0€0/mm3 
=50,080 to <130,000/mm3 
=130,000/mm3 

Anemia 

Granulocyzopenia 

Epistaxis 

Skin and Appendages 

Dermatitis 

Alopecia 

Pruritus 

Skin disccloration 

Urticaria 


Body as a Whole 
Fatigue 

Fever 

Rigors 

Chest pair 
Edema 


Resistance Mechanisms 
Infection 


Special Senses 
Taste Perversion 
Altered sense of smell 


Musculosxeletal System 

Arthralgia 

Myalgia 

Central and peripheral nervous system 
Dizziness 

Headache 

Paresthesa 

Ataxia 


Psychiatre 
Somnolerce 
Depression 
Nervousness 
Insomnia 

Anxiety 
Forgetfulress 
Vision 

Abnormal tearing 
Blurred vision 
Conjunctivitis 
Liver andibiliary system 
Hyperbilirabinemia 
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In worldwide experience with ERGAMISOL, less 
frequent adverse experiences included exfolia- 
tive dermatitis, periorbital edema, vaginal bleed- 
ing, anaphylaxis, confusion, convulsions, 
hallucinations, impaired concentration, renal 
failure, elevated serum creatinine, and increased 
alkaline phosphatase. An encephalopathy - like 
syndrome has been reported in patients treated 
with ERGAMISOL. 


The following additional adverse experiences 
have been reported for fluorouracil alone: 
esophagopharyngitis, pancytopenia, myocardial 
ischemia, angina, gastrointestinal ulceration and 
bleeding, anaphylaxis and generalized allergic 
reactions, acute cerebellar syndrome, nystag- 
mus, dry skin, fissuring, photosensitivity, lacrimal 
duct stenosis, photophobia, euphoria, throm- 
bophlebitis, and nail changes. 

HOW SUPPLIED: ERGAMISOL (levamisole hy- 
drochloride) is available in white, coated tablets 
containing the equivalent of 50 mg of levamisole 
base, debossed “JANSSEN” and T 


They are supplied in blister packages of 36 tab- 
lets (NDC 50458-270-36). 

Store at room temperature, 15°-30°C (59°-86°F). 
Protect from moisture. 











in combination with 5-fluorouracil rA 
Manufactured by: DARD AN va J) 
Janssen Pharmaceutica, nv Janssen Pharmaceutica Inc. 
Beerse, Belgium Piscataway, NJ 08854 JANSSEN 
PHARMACEUTICA 
Edition Jure, 1990 7500100-M U.S. Patent Number 4,584,305 


© Janssen Pharmaceutica Inc. 1990 August 1990 JPI-ER-010 






THE RESPIRATORY SEASON MEANS 


TOUGH PATIENTS, 
TOUGH PATHOGENS... 













ves 96% favorable clinical response (resolution + improvement) of 
ons due to susceptible strains of indicated pathogens. See indi- 
organisms in prescribing information. 


) activity does not necessarily imply a correlation with in vivo’results. 


Concurrent administration of ciprofloxacin with theophylline may lead 
tated plasma concentrations of theophylline and prolongation of its 
ation half-life. This may result in increased risk of theophylline-related 
€ reactions. If concomitant use cannot be avoided, plasma levels of 
tylline should be monitored and dosage adjustments made as 


iriate. i 
ii 


Antacids containing magnesium hydroxide or i 
with the absorption of ciprofloxacin, resulting in um 
lower than desired; concurrent administration of these 

ciprofloxacin should be avoided. i % 


A history of hypersensitivity to ciprofloxacin is a ı [ 
A history of hypersensitivity to other quinolones may al 
use of ciprofloxacin. 


CIPRO SHOULD NOT BE USED IN CHILDREN, 
PREGNANT WOMEN. : 


Seq@fast page for brief summary of prescribing 






IN LOWER RESPIRATORY INFECTIONS 


CIPRO 

MAKES A TOUGH 
THERAPEUTIC 
CHOICE EASIER. 


Treating patients with 
lower respiratory 
infections is often a 
challenge. 

These patients may smoke or drink 


excessively, or have underlying con- 
ditions such as COPD. 


They could be elderly or immuno- 
compromised or live in nursing 
homes where they are constantly 
exposed to multiple organisms. 


Too often, they may have a history 
of repeated antibiotic use that has 
proven ineffective against their 
lower respiratory infections. 

So, how do you manage these tough 
patients during the respiratory season? 


By prescribing the “tough” agent that achieved 96% clinical 
success in pneumonia, bronchitis, and bronchiectasis.‘ 


By prescribing Cipro”. 


-IPro ~ 
(cjorofloxacin HCV Miles) 


The most potent fluoroquinolone. 
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= , TABLETS 
C pP AG 


yorofoxacin HOVMiles 


CIPRO® TABLETS 
(ciprofloxacin HCI/Miles) 


BRIEF SUMMARY 
CONSULT PACKAGE INSERT FOR FULL PRESCRIBING INFORMATION 


INDICATIONS AND USAGE 
o% ıs indicated for the treatment of infections caused by susceptible strains of the designated microorganisms in 
conditions listed below. 
ter Respiratory Infections caused by Escherichia coli. Klebsiella pneumoniae. Enterobacter cloacae. Proteus 
abilis. Pseudomonas aeruginasa. Haemophilus influenzae, Haemophilus parainfluenzae, and Streptococcus 
umoniae 
1 and Skin Structure Infections caused by Escherichia coli, Klebsiella pneumoniae, Enterobacter cloacae 
teus mirabilis. Proteus vulgaris, Providencia stuartii. Morganella morganu. Citrobacter freundii, Pseudomonas 
iginosa. Staphylococcus aureus. Staphylococcus epidermidis. and Streptococcus pyogenes 
ie and Joint Infections caused by Enterobacter cloacae. Serratia marcescens. and Pseudomonas aeruginosa 
vary Tract Infections caused by Escherichia coli. Klebsiella pneumoniae. Enterobacter cloacae. Serratia mar- 
cens. Proteus mirabilis. Providencia rettger. Morganella morgann. Citrobacter diversus. Citrobacter freundi 
udomonas aeruginosa. Staphylococcus epidermidis. and Streptococcus faecalis 
‘tious Diarrhea caused by Escherichia coli (enterotoxigenic strains). Campylobacter jejuni, Shigella flexneri, * 
Shigella sonnei” when antibacterial therapy is indicated 
‘icacy for this organism in this organ system was Studied in fewer than 10 infections 
CONTRAINDICATIONS 
istory of hypersensitivity to ciprofloxacin is a contraindication to its use. A history of hypersensitivity to other 
olones may also contraindicate the use of ciprofloxacin 
WARNINGS 
ROFLOXACIN SHOULD NOT BE USED IN CHILDREN. ADOLESCENTS, OR PREGNANT WOMEN. The oral admin- 
ation of ciprofloxacin caused lameness in immature dogs. Histopathological examination of the weight-bearing 
ts of these dogs revealed permanent lesions of the cartilage. Related drugs such as nalidixic acid, cinoxacin, and 
tloxacin also produced erosions of cartilage of weight-bearing joints and other signs of arthropathy in immature 
nals of various species (SEE ANIMAL PHARMACOLOGY SECTION IN FULL PRESCRIBING INFORMATION) 
PRECAUTIONS 

teral: As with other quinolones. ciprofloxacin may cause central nervous system (CNS) stimulation, which may 
{ to tremor, restlessness, lightheadedness, confusion, and rarely to hallucinations or convulsive seizures. There- 
1, ciprofloxacin should be used with caution in patients with known or suspected CNS disorders, such as severe 
abral arteriosclerosis or epilepsy. or other factors which predispose to seizures (SEE ADVERSE REACTIONS) 
\naphylactic reactions following the first dose have been reported in patients receiving therapy with quinolones 
ne reactions were accompanied by cardiovascular collapse. loss of consciousness, tingling, pharyngeal or facial 
ma, dyspnea. urticaria. and itching. Only a few patients had a history of hypersensitivity reaction. Anaphylactic 
stlons may require epinephrine and other emergency measures. Ciprofloxacin should be discontinued at the first 
1 of hypersensitivity or allergy. 
vevere hypersensitivity reactions characterized by rash, fever. eosinophilia, jaundice, and hepatic necrosis with 
| outcome have been reported rarely (less than one per million prescriptions) in patients receiving ciprofloxacin 
1g with other drugs. The possibility that these reactions were related to ciprofloxacin cannot be excluded 
rofloxacin should be discontinued at the first appearance of a skin rash or any sign of other hypersensitivity 
stion 
‘rystals of ciprofloxacin have been observed rarely in the urine of human subjects but more frequently in the urine 
laboratory animals (SEE ANIMAL PHARMACOLOGY SECTION IN FULL PRESCRIBING INFORMATION). 
Stalluria related to ciprofloxacin has been reported only rarely in man, because human urine is usually acidic 
ents receiving ciprofloxacin should be well hydrated. and alkalinity of the urine should be avoided The 
)mmended daily dose should not be exceeded 
iteration of the dosage regimen is necessary for patients with impairment of renal function (SEE DOSAGE AND 
MINISTRATION). 
is with any potent drug. periodic assessment of organ system functions, including renal, hepatic. and 
atopoietic function, is advisable during prolonged therapy. 
g Interactions: As with other quinolones. concurrent administration of ciprofloxacin with theophylline may lead to 
fated plasma concentrations of theophylline and prolongation of its elimination half-life. This may result in 
eased risk of theophylline-related adverse reactions. If concomitant use cannot be avoided, plasma levels of 
dphylline should be monitored and dosage adjustments made as appropriate 
Juinolones, including ciprofloxacin, have also been shown to interfere with the metabolism of caffeine. This may 
i to reduced clearance of caffeine and a prolongation of its plasma half-life 
\ntacids containing magnesium hydroxide or aluminum hydroxide may interfere with the absorption of ciproflox- 
1 resulting in serum and urine levels lower than desired: concurrent administration of these agents with 
‘ofloxacin should be avoided 
Joncomitant administration of the nonsteroidal anti-inflammatory drug fenbufen with a quinolone has been 
orted to increase the risk of CNS stimulation and convulsive seizures 
robenecid interferes with the renal tubular secretion of ciprofloxacin and produces an increase in the level of 
‘ofloxacin in the serum. This should be considered if patients are receiving both drugs concomitantly 
\s with other broad-spectrum antibiotics, prolonged use of ciprofloxacin may result in overgrowth of nonsuscepti- 
organisms. Repeated evaluation of the patient's condition and microbial susceptibility testing is essential. If 
erinfection occurs during therapy. appropriate measures should be taken 
imation for Patients: Patients should be advised that ciprofloxacin may be taken with or without meals. The 
ferred time of dosing is two hours after a meal. Patients should also be advised to drink fluids liberally and not take 
acids containing magnesium or aluminum 
atients should be advised that ciprofloxacin may be associated with hypersensitivity reactions, even following a 
Jle dose, and to discontinue the drug at the first sign of a skin rash or other allergic reaction 
>iprofloxacin may cause dizziness or lightheadedness. therefore patients should know how they react to this drug 
ore they operate an automobile or machinery or engage in activities requiring mental alertness or coordination 
atients should be advised that ciprofloxacin may increase the effects of theophylline and caffeine 
‘cinogenesis, Mutagenesis, Impairment of Fertility: Eight in vitro mutagenicity tests have been conducted with 
rofloxacin and the test results are listed below 

Salmonella/Microsome Test (Negative) 

E. coli DNA Repair Assay (Negative) 

Mouse Lymphoma Cell Forward Mutation Assay (Positive) 

Chinese Hamster V7q Cell HGPRT Test (Negative) 

Syrian Hamster Embryo Cell Transtormation Assay (Negative) 

Saccharomyces cerevisiae Point Mutation Assay (Negative) 

Saccharomyces cerevisiae Mitotic Crossover and Gene Conversion Assay (Negative) 

Rat Hepatocyte DNA Repair Assay (Positive) 
1S, two of the eight tests were positive, but the results of the following three in vivo test systems gave negative 
ults 

Rat Hepatocyte DNA Repair Assay 

Micronucleus Test (Mice) 

Dominant Lethal Test (Mice) 
1g-term carcinogenicity studies in rats and mice have been completed. After daily oral dosing for up to 2 years 
re is no evidence that ciprofloxacin had any carcinogenic or tumorigenic effects in these species 
!gnancy—Pregnancy Category C: Reproduction studies have been performed ın rats and mice at doses up to 6 
es the usual daily human dose and have revealed no evidence of impaired fertility or harm to the fetus due to 
fotloxacin. In rabbits, as with most antimicrobial agents, ciprofloxacin (30 and 100 mg/kg orally) produced 


IN LOWER RESPIRATORY INFECTIONS 


CIPRO MAKES A TOUGH 
THERAPEUTIC CHOICE EASIER. 


gastrointestinal disturbances esulting in maternal weight loss and an increased incidence of abortion. No terato- 
genicity was observed at eitherdose. After intravenous administration, at doses up to 20 mg/kg. no maternal toxicity 
was produced. and no embryetoxicity or teratogenicity was observed. There are, however, no adequate and well- 
controlled studies in pregnare women. SINCE CIPROFLOXACIN, LIKE OTHER DRUGS IN ITS CLASS, CAUSES 
ARTHROPATHY IN IMMATURE ANIMALS. IT SHOULD NOT BE USED IN PREGNANT WOMEN (SEE WARNINGS) 

Nursing Mothers: It is not keown whether ciprofloxacin is excreted in human milk; however, it is known that 
Ciprofloxacin is excreted in the milk of lactating rats and that other drugs of this class are excreted in human milk 

Because of this and because œ the potential for serious adverse reactions from ciprofloxacin in nursing infants, a 
decision should be made to discontinue nursing or to discontinue the drug, taking into account the importance of the 
drug to the mother. 

Pediatric Use: Patients unde the age of 18 were not included in the clinical trials of ciprofloxacin because 
Ciprofloxacin as well as other quinolones causes arthropathy in immature animals. Ciprofloxacin should not be used 
in children or adolescents (SEE WARNINGS). 


ADVERSE REACTIONS 


Ciprofloxacin is generally well olerated. During clinical investigation, 2,799 patients received 2,868 courses of the 
drug. Adverse events that were considered likely to be drug related occurred in 7.3% of courses, possibly related in 
9.2%, and remotely related in < 0%. Ciprofloxacin was discontinued because of an adverse event in 3.5% of courses, 
primarily involving the gastromtestinal system (1.5%), skin (0.6%), and central nervous system (0.4%). Those 
events typical of quinolones ars italicized 


The most frequently reported events, drug related or not, were nausea (5.2%), diarrhea (2.3%), vomiting (2.0%). 


abdominal pain’ discomfort (1.7%), headache (1.2%), restlessness (1.1%), and rash (1.1%), 


Additional events that occured in less than 1% of ciprofloxacin courses are listed below. 
GASTROINTESTINAL: (See above), painful oral mucosa, oral candidiasis, dysphagia, intestinal perforation, 
gastrointestinal bleeding 
CENTRAL NERVOUS SYSTEM: (See above), dizziness, lightheadedness, insomnia, nightmares, hallucina- 
tions, manic reaction, witability, tremor, ataxia, convulsive seizures, lethargy, drowsiness. weakness, mal- 
aise, anorexia, phobia, aepersonalization, depression, paresthesia 
SKIN/HYPERSENSITIVETY: (See above), pruritus, urticaria, photosensitivity, flushing. fever, chills. 
angioedema, edema of tt= face, neck, lips, conjunctivae or hands, cutaneous candidiasis, hyperpigmentation, 
erythema nodosum 
Allergic reactions rangine from urticaria to anaphylactic reactions have been reported (SEE PRECAUTIONS) 
SPECIAL SENSES: blurred vision. disturbed vision (change in color perception. overbrightness of lights), 
decreased visual acuity, eiplopia. eye pain, tinnitus, hearing loss, bad taste 
MUSCULOSKELETAL: jost or back pain. joint stiffness, achiness, neck or chest pain, flare-up of gout 
RENAL’ UROGENITAL: seterstitial nephritis, nephritis, renal failure, polyuria, urinary retention, urethral 
bleeding, vaginitis, acidcsis 
CARDIOVASCULAR: palpstations, atrial flutter, ventricular ectopy, syncope, hypertension, angina pectoris, 
myocardial infarction. ca diopulmonary arrest, cerebral thrombosis 
RESPIRATORY: epistaxis laryngeal or pulmonary edema, hiccough, hemoptysis, dyspnea, bronchospasm, 
pulmonary embolism 

Most of the adverse events eported were described as only mild or moderate in severity, abated soon after the 


drug was discontinued. and required no treatment 


In several instances, naus*a, vomiting, tremor, restlessness, agitation, or palpitations were judged by in- 


vestigators to be related to elevated plasma levels of theophylline possibly as a result of a drug interaction with 
ciprofloxacin 


Other adverse events repored in the postmarketing phase include anaphylactoid reactions, Stevens-Johnson 


syndrome, exfoliative dermatits, toxic epidermal necrolysis, hepatic necrosis, postural hypotension, possible exac- 
erbation of myasthenia graws, confusion, dysphasia, nystagmus, pseudomembranous colitis, dyspepsia, 
flatulence, and constipation. Also reported were agranulocytosis: elevation of serum triglycerides, serum 
cholesterol, blood glucose, seum potassium; prolongation of prothrombin time; albuminuria; candiduria, vaginal 
candidiasis: and renal calculi (SEE PRECAUTIONS) 

Adverse Laboratory Changes» Changes in laboratory parameters listed as adverse events without regard to drug 
relationship 


Hepatic—Elevations of: alT (SGPT) (1.9%), AST (SGOT) (1.7%), alkaline phosphatase (0 8%), LDH (0.4%), 
serum bilirubin (0.3%) 

Cholestatic jaundice has seen reported 

Hematologic—Eosinophwia (0.6%), leukopenia (0.4%), decreased blood platelets (0.1%), elevated blood 
platelets (0.1%), pancyte@penia (0.1%) 

Renal— Elevations of: Seeum creatinine (1.1%), BUN (0.9%). 

CRYSTALLURIA, CYLINDRURIA, AND HEMATURIA HAVE BEEN REPORTED 


Other changes occurring in less than 0.1% of courses were: Elevation of serum gammaglutamy! transferase, 
elevation of serum amylase, eduction in blood glucose, elevated uric acid, decrease in hemoglobin, anemia, 
bleeding diathesis. increase in3lood monocytes, and leukocytosis 


OVERDOSAGE 


Information on overdosage in humans is not available. In the event of acute overdosage, the stomach should be 
emptied by inducing vomiting 3r by gastric lavage. The patient should be carefully observed and given supportive 
treatment. Adequate hydratioremust be maintained. Only a small amount of ciprofloxacin (< 10%) ıs removed from 
the body after hemodialysis onperitoneal dialysis. 


DOSAGE AND ADMINISTRATION 


The usual adult dosage for patients with urinary tract infections is 250 mg every 12 hours. For patients with 
complicated infections caused-ay organisms not highly susceptible, 500 mg may be administered every 12 hours 


Lower respiratory tract infecions, skin and skin structure infections, and bone and joint infections may be treated 


with 500 mg every 12 hours. Far more severe or complicated infections, a dosage of 750 mg may be given every 12 
hours 


The recommended dosage for infectious diarrhea is 500 mg every 12 hours 
In patients with renal impairment, some modification of dosage is recommended (SEE DOSAGE AND ADMINIS- 


TRATION SECTION IN FULL PFESCRIBING INFORMATION), 


HOW SUPPLIED 


Cipro® (ciprofloxacin HCl’ Miles) is available as tablets of 250 mg, 500 mg, and 750 mg in bottles of 50, and in Unit- 
Dose packages of 100 (SEE FU -L PRESCRIBING INFORMATION FOR COMPLETE DESCRIPTION) 
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Commentary 





Laparoscopic Cholecystectomy 


Threat or Opportunity? 


pees cholecystectomy is another French revolu- 
| tion. To the best of my knowledge, the procedure was 
first accomplished in June 1987 by a French general 
_ surgeon named Mouret in private practice in Lyons. He 
already had a wide experience in gynecologic laparoscopic 
procedures but did not report this landmark operation. 
‘Word of the new procedure, however, reached other French 
surgeons, and in 1983 Prof Francois Dubois of Paris and 
Prof Jacques Perissa: of Bordeaux each performed their 
first of many hundred procedures to date. 

Reports of early experiences with this procedure in 
France have spread over the continent and across the seas. 
The procedure is now being performed in several commu- 

“nity and university hospitals in the United States and has 
aroused great interest among the medical and lay commu- 
nities, along with alarm and concern among some surgeons. 
There are a number of precedents (such as arthroscopic 
knee surgery, laparoscopic tubal ligation, and percutaneous 
renal lithotripsy) in recent surgical history that should 

_ provide a framework for working through the process of 

= < accepting this new procedure into the armamentarium of 
general surgery. 

~~ Concerns have been raised in relation to the new proce- 
dure in several areas. For example, it is difficult to perform 

a thorough examinazion of the periampullary area and 


-- yetroperitoneum dy che laparoscopic method. Also, it is 


“more difficult to do routine cystic duct cholangiography 
and, thus, there is a possibility of overlooking unsuspected 
bile duet disease. There is also concern about the extension 
of indications for the procedure to the large number of 
asymptomatic patierts. In addition to these concerns 
related to patient safety, many surgeons have fears of being 
“shut out,” ie, not. being able to be trained or being trained 
so late that their competitors have a superior edge. In 

addition; some surgeons find the technique too difficult or 


too time-consuming for their practice. 


_ While these concerns are worthy of careful examination, 


"the positive aspects of the procedure should be recognized. 


When successfully accomplished in the indicated patient, 
the result is satisfying. Generally, the hospitalization is 
about 1 day and insurance companies welcome the lower 
costs associated with the short stay. Opinion seems to be 
firming up among insurers that the surgeon’s fee and that 
of the trained assistant should be at, or only slightly above, 
the fees for standard cholecystectomy. The patients are 
happy with the funecional and cosmetic results and em- 
ployers are grateful that sick leaves are markedly reduced 
with the new procedure. Finally, the procedure accom- 
-plishes the ultimate goal in treatment of gallstones: that 


is, the complete removal of the gallbladder and stones. In 





this way it is superior to the nonsurgical methods of 


treatment, which have a lower efficacy and a high recur- 


“rence rate. 
Tt is clear that, at the outset, patient selection is of 
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paramount importance. While surgeons experienced in the 
technique may liberalize their indications, it will be difficult 
to fully evaluate this procedure without some kind of rmal. 
analysis of many cases, as could be done by a registi 
true place for this procedure has yet to be determined 
fully. It has a steep learning curve and reports i f major 
complications and even fatalities are filtering in. The 
entrepreneurial exploitation of the procedure in some areas 
has further complicated the objective analysis of the 
procedure. An international surgical organization might 
well be a suitable agency for the collection of such data. 
inasmuch as large experiences with the procedure exist in 
many countries besides the United States. 

The American College of Surgeons has issued a state- 
ment that clearly delineates the experience and qualifica- 
tions of surgeons who do the procedure. 











For optimal quality patient care, laparoscopic cholecystectomy =. 
should be performed by surgeons who are qualified to perform >; 
open cholecystectomy. Only such surgeons possess the skills to 
perform biliary tract surgical procedures; such surgeons are able 

to determine the best method of cholecystectomy; and only such 
surgeons can treat complications consequent to laparoscopic cho- 
lecystectomy. 


The Society for Surgery of the Alimentary Tract has 
approved the following statement that addresses the train- — 
ing and credentialing aspects of this operation. 


The Society for Surgery of the Alimentary Tract recommends . 
that privileges to perform laparoscopic cholecystectomy should 
be granted by hospital credentials committees only to individuals 
who meet certain criteria. Individuals who do laparoscopic chole- 
cystectomy should (1) be trained general surgeons with current 
competence in performance of open cholecystectomy and in the 
management of the predictable complications of the operation; (2) 
have expertise in laparoscopy acquired through previous clinical 
experience or through instruction; (3) have completed an experi- 
ence in supervised performance of laparoscopic cholecystectomy ; 
which included instruction and practice on animals; (4) provide 
notification to their patients of the surgeon’s experience with, and 
the status of the procedure. 


Laparoscopic cholecystectomy is here to stay. Its proper 
place in the general surgeon’s treatment of patients with 
biliary tract disease will require further experience and 
analysis of results that must be honestly reported. It is 
clear that the procedure must be performed and further 
developed by general surgeons. In particular, the relative 
efficacy and safety of the electrocautery vs the laser in. 
dissecting the gallbladder must be carefully evaluated. The. 
statements of the American College of Surgeons and the — 
Society for Surgery of the Alimentary Tract will serve as 
valuable guidelines in the orderly evolution of this revolu- — 
tionary technique. 

Ronan K. Tompkins, MD 
Los Angeles, Calif 
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Special Article 


Accreditation 


Procedures and Staff Support for the Surgery Residency Review Committee 


John T. Boberg, PhD 


© The purpose of this article is to give an overview of the 
accreditation procedures of the Residency Review Committee 
for Surgery and provide insight into the nature and functions of 
Staff support for the committee. In the process, a better under- 
standing of how the Residency Review Committee itself carries 
out its tasks should also emerge. What is described here is 
Specific to the Residency Review Committee for Surgery and 
should not be generalized to other residency review committees. 

(Arch Surg. 1990;125:1246-1251) 


M ost readers are, in a general way, aware of what the staff 
does in gathering the program information forms, pre- 
_ paring them for meetings, and communicating the decisions of 
the Residency Review Committee (RRC) to programs. This 
article will fill in some of the details of this process and, at the 
same time, seek to provide a broader perspective from which 
to view the procedures of the RRC and the staff’s work. 

The staff of the RRC for Surgery includes an executive 
secretary, a committee coordinator, and a senior secretary. 
Inaddition, the RRC for Surgery has the support services ofa 
research associate who manages the surgical operative log 
project and other research activities as requested by the 
RRC. 


A HISTORICAL PERSPECTIVE 


Prior to 1950, the American Medical Association and the 
~ American College of Surgeons had separate processes for 
__ approving hospitals to train surgeons. That year, after multi- 
. ple preliminary organizational meetings, the two groups, 
-along with the American Board of Surgery, formed the Con- 
ference Committee on Graduate Training in Surgery as the 
first joint effort toward the accreditation of surgical training 
programs. At that time, by written agreement, the secretary 
of the committee had a medical degree and was appointed by 
the American Medical Association. By the same agreement, 
on a rotating basis, the chairman and vice-chairman of the 
committee were always from among the representatives ap- 
-pointed by the American College of Surgeons or the American 
Board of Surgery. 
In the course of the tremendous changes in graduate train- 
ing since 1950, the graduate medical education system be- 
- came larger and more complex; it eventually was restruc- 
tured into the Accreditation Council for Graduate Medical 
_ Education (ACGME). As part of that evolution, the confer- 
ence committee became known as the RRC for Surgery; the 
secretary's position became more functional and was filled by 
someone not with a medical degree but a PhD. The RRC 
secretary's role changed primarily to serve the educational 
process. A somewhat similar development took place among 
the RRC members. Although appointed by one of three spon- 
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soring organizations (American Board of Surgery, American 
College of Surgeons, and American Medical Association), 
they function as education professionals whose goal is ensur- 
ing the quality of surgical residency training programs. Two 
of the las: three chairmen have been representatives appoint- 
ed by the American Medical Association. 

The executive secretary, as presently described in 
ACGME literature, is “a full-time professional with solid 
credentizls in education and expertise in accreditation.” The 
role of the secretary includes the following three functions 
that may perhaps be characterized as three different hats. 


Staff to the RRC 


The principal hat worn by the executive secretary is that of 
RRC staf person. This includes assisting its work by provid- 
ing all the materials and information preparatory to meetings 
and communicating and/or carrying out the decisions made at 
the meeting. The RRC meets three times each year; the 12 
members are all volunteers who have other full-time posi- 
tions. The office of the secretary, therefore, provides a con- 
stant focus and steady support for all the business that comes 
up from day to day and from meeting to meeting in adminis- 
tering the activities of the Residency Review Committee. 


Liaison Between the RRC and its Constituencies 


The sezond hat of the executive secretary is that of commu- 
nicator te the RRC’s constituencies, serving as a conduit of 
RRC infermation and of actions and activities. This includes 
informing program directors and the RRC’s sponsoring orga- 
nizations.of the decisions of the committee and being available 
to respond to questions. 


Liaison Between the RRC and the ACGME 


The third hat of the executive secretary is that of liaison 
between żhe RRC and the ACGME. This includes acting as a 
clearinghouse of information about ACGME accreditation 
policies and procedures that affect the work of the RRC and 
assisting the committee in providing appropriate information 
about its activities to the ACGME. 


THE TRAIL OF A PROGRAM FILE 


As ind:cated above, the office of the executive secretary is 
more than the executive secretary. More often than not, it is 
the committee coordinator who handles the day-to-day activi- 
ties and responds to requests. Among the coordinators prin- 
cipal responsibilities are the preparation and distribution of 
the program files to the RRC members for their review, the 
organization of the materials for use at the meeting, the 
postmeeting processing of the program files with the actions 
of the RRC, and the management of all meeting arrange- 
ments. 

Follow ng the trail of a program file is perhaps the best way 
to get an overview of the procedures of the RRC and of the 
primary work of the RRC office and the committee coordina- 
tor. A pregram file begins as a blank set of Program Informa- 
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tion Forms. The forms give program directors an organized 
format for providing a description of their programs to the 
RRC. Based on the latest revisions of the special require- 
ments for residency programs, the forms cover such topics as 
the program’s organization and facilities; institutional, clini- 
cal, and operative statistics; information on current residents 
and recent graduates; the faculty and their scholarly involve- 
ment; the curriculum, with details on rotations, didactic in- 
struction, and clinical conferences; and the operative experi- 
ence of the recent graduates. 

The information provided in the forms becomes the basis 
for an on-site visit and report by a site visitor who is either a 
full-time field staff person or a specialist site visitor (see 
below). The site visitor’s report is returned to the office of the 
RRC along with the ferms. The committee coordinator then 
organizes the forms into a program file that comprises (1) the 
history: sheets summarizing the previous recommendations 
and actions of the RRC and the ACGME concerning the 
program, (2) the program information forms, (3) the site 
visitor's report, and (4) any relevant correspondence that has 
been received since the last RRC review of the program or 
since the site visit (eg, updated or corrected information that 
resulted from the site visit). To this documentation the coordi- 
nator adds a face sheet that highlights the request(s) included 
in the file; for example, the addition or deletion of a participat- 
ing institution or a permanent or temporary increase in resi- 
dent complement. In organizing the file, the coordinator re- 
views the forms to determine whether the relevant program 
information has been included; if some information is missing, 
the coordinator may request it from the program director. 

Once the file is organized, the coordinator prepares it for 
distribution to the RRC members for review. The policy of 
the RRC for Surgery is to have two reviewers for programs 
that are liable to the withholding or withdrawing of accredita- 
tion (new applications or programs with provisional or proba- 
tionary accreditation), as well as all programs that have re- 
quested reconsideration after an adverse accreditation 
action, In the latter case (programs under reconsideration), 
the two reviewers are always different from those who re- 
viewed the program az the previous meeting. Single review- 
ers are used for other programs, including those that are 
presenting interim requests that do not include an accredita- 
tion status, such as a request to increase the resident 
complement. 

During the past few years, while the RRC for Surgery was 
in transition relative to use of the surgical operative log as 
part of program review, copies of these logs were also added 
to the program file in addition to the resident records. With 
the revised forms, the surgical operative log reports are 
already part of the program information forms so that the file 
is not-so large. 

When the RRC members complete the review of the pro- 
grams they have been sent, they return each file to the 
coordinator. To allow sufficient time for the RRC members to 
review the program files adequately, the coordinator closes 
the agenda for a meeting about 8 weeks before the scheduled 
date. This closure is oecasionally a cause for consternation to 
program directors who expected or desired to have their 
programs reviewed at a particular meeting of the RRC. One 
of the factors that affects getting programs on a particular 
agenda is the length of time required by site visitors to get 
their reports to the office of the RRC. It usually takes 4 weeks 
for reports to arrive at the RRC office after the site visit, but 
any number of circumstances may extend that period. On the 
~ other hand, program directors are often not cognizant of the 
dates of RRC meetings and are chagrined to learn that their 
oe request cannot be considered until 4 to 6 months 

ter. 
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THE MEETING ITSELF 


Since 1986, the RRC has met three times each year, usually 
in February, June, and October. The average number of 
programs considered at a meeting is 70. The programs are 
considered individually, with each reviewer presenting his or 
her analysis and recommendation. The RRC then discusses 
the analyses and may question the primary reviewer(s) about 
the documentation contained in the program file or about the 
reasons for the recommendation. Usually consensus on the 
program is reached by the whole committee; on rare ocea- 
sions, when consensus cannot be reached in a reasonable 
amount of time, a vote is taken by a show of hands. 

During the review of programs, the RRC members are 
guided by the ACGME policies on conflict of interest. If a 
conflict is identified, the members are to withdraw from all 
deliberations of the issue under discussion and leave the 
meeting room. Minutes of the meeting are to reflect this 
action. 

The amount of time spent discussing any individual pro- 
gram depends on the nature of the decision required by the 
RRC: Is the decision an accreditation action, a reconsider- 
ation, a progress report, or a request for an additional partici- 
pating institution or for additional residents? 

The meeting time spent on programs is, of course, in addi- 
tion to the amount of time the RRC members have spent on 
their review of the programs. For purposes of gross calcula- 
tion of contributed services by physicians in all specialties to 
the accreditation process, John Gienapp, PhD, executive sec- 
retary of the ACGME, has estimated 1 hour as the average 
time for review. For recent years at least, 1 hour is a very 
conservative estimate for the RRC for Surgery. 


ARECORD OF ACTIONS 


The Table gives a summary of the number of programs 
reviewed and the type of decisions reached at the RRC meet- 
ings of the last 15 years. A total of 2669 programs were 
reviewed, about 178 annually; 1843 decisions concerned the 
accreditation status of programs. Of the 1843 status deci- 
sions, 70.4% were positive accreditation decisions, 21.2% 
were adverse decisions, and 8.4% were deferrals. 

The increased number of provisional actions noticeable in 
1977-1978 reflects the transition from 4-year to 5-year pro- 
grams and the introduction of the accreditation of pediatric 
surgery programs; a smaller increase in 1984-1985 reflects the 
start of the accreditation of vascular surgery programs. Fig- 
ure 1 shows an overview of all the decisions made by the 
committee: 48.6% of the 2669 reviews were positive accredi- 
tation decisions, 14.6% were adverse accreditation decisions, 
8.8% were reconsideration decisions, and 27.9% were miscel- 
laneous decisions which include deferrals, decisions about 
nonaccreditation issues (resident complement, addition of 
affiliated institutions, etc), and reviews of progress reports. 

Figure 2 shows the breakdown of the program reviews year 
by year. The small number of programs reviewed in 1977 
reflects the fact that due to rescheduling, only one meeting 
was held that year. The relative number of adverse actions 
indicates some variability over the years, with a small decline 
in the most recent years. This variability is further highlight- 
ed in Fig 3, which shows the number of adverse and positive 
accreditation actions each year. 


POSTMEETING ACTIVITY 


The main postmeeting activity is the production of the 
letters of notification. Based on the discussion and the deci- 
sions on each program reached at the meeting, the executive 
secretary writes a statement that expresses the decision of 
the RRC. This text along with other information pertinent to 
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the review of the program makes up the Chairman’s Docu- 
ment. For each program reviewed at a meeting, a document is 
sent to the chairman of the RRC for his or her correction or 
approval and signature. The chairman's signature verifies 
that the text expresses the decision of the RRC and autho- 
rizes the letter to be sent to the program director. 

The letter of notification indicates the accreditation status 
of the program and any specific comments recommended by 
the RRC. It includes the actual text as approved by the 
chairman, other information pertinent to the accreditation 
process, and the approximate time of the next site visit. The 
_ time to the next survey may range from 1 to 5 years; the 
average is 3 years. In the letter, program directors may also 

_ be requested to submit progress reports to clarify informa- 

_ tion provided earlier or verify that some change has actually 

_ occurred as indicated in the earlier submission. 

< Another statement sometimes included in the letter of 
_ notification is that the next survey will be carried out by a 
|. Specialist site visitor. If no mention of the type of survey is 
_. made, the site visit will normally be conducted by one of the 
full-time field staff members. In recent years, the use of 
__. Specialist site visitors by the RRC for Surgery has significant- 
___ ly decreased. An analysis of the type of “previous” and “next” 
site visits for programs reviewed by the RRC from October 
_ 1987 through February 1990 indicates that 100 (32%) of the 
_». programs reviewed for accreditation action during these 
- meetings had had a specialist site visitor, whereas only 25 
_ (8%) of them were projected to have one for the next site visit. 
There are occasions, however, for which the RRC believes 
that a surgeon is the best person to gather information about a 
_ program and/or clarify certain conditions. The committee, 
_ therefore, is concerned to maintain a cadre of specialists on 
whom it can depend when needed. 

The amount of time required to produce the letters of 

-notification varies considerably from specialty to specialty; it 
is related primarily to the number and type of programs 
~-Yeviewed at a meeting, but other scheduled activities and 
_ travel are factors also. For the surgery RRC, as indicated 

- above, the number of programs at recent meetings has aver- 

aged about 70, and it is usually 2 months before all the letters 
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No. of Total Positive Actions areas = 
Programs Status ca aaa amma: % of Total Total 
Year on Agenda Decisions FA/CF PV/CV Total States PR/CR wD WH Reconsiderations 
196 166 81 23 49 30 30 16 3 12 
153 134 57 28 28 21 21 5 2 2 
64 56 23 14 13 23 4 8 1 1 
223 177 57 64 42 24 17 16 9 nN 
132 97 45 29 14 14 5 6 3 16 
135 106 58 21 20 19 11 7 2 4 
156 122 66 22 28 23 19 8 1 W 
205 137 73 17 37 27 20 15 2 31 
170 91 50 7 19 21 9 5 5 26 
230 144 48 23 42 29 5 9 28 24 
233 142 63 20 33 23 12 13 8 29 
170 98 63 14 16 16 7 2 7 24 
201 111 69 7 15 14 7 4 4 21 
191 120 50 21 18 15 7 7 4 15 
210 142 68 14 17 12 8 3 6 8 
Total 2669 1843 871 324 391 21 182 124 85 235 


reditation; PV/CV, provisional/continued provisional acereditation; PR/CR, probation/continued probation; WD, withdrawal: 








Positive 
49% 


Adverse 
15% 


Miscellaneous 


Recensideration 28% 
9% 





Fig 1.—Fteen-year overview of agenda items. Combined figures 
represent Jeneral surgery, pediatric surgery, vascular surgery, and 
surgical crtical care. 


are sent out. This period includes writing up the text of the 
decision, getting the official documents signed by the chair- 
man, and mailing out the letters. Letters are generally first 
sent to those directors whose programs may be returned to 
the next RRC meeting; that is, those programs that were 
deferred for more information and those that received an 
adverse accreditation action. 


EMPHASIS ON COMMUNICATION 


Another very important factor in the length of time re- 
quired to send out letters is an increased emphasis on commu- 
nicating to program directors the basis of the decision reached 
by the RRC, particularly when dealing with an adverse ac- 
tion. Checking the decisions and presenting them in a concise 
but adequate manner can be tedious and time-consuming. The 
goal is to maintain consistency and obj ectivity in the RRC’s 
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Fig 2.—Breakdown of agenda items each year. Combined figures represent general surgery, pediatric surgery, vascular 
surgery, and surgical critical care. 
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Fig 3.—Positive vs adverse actions. Combined figures represent general surgery, pediatric surgery, vascular surgery, and 
surgical critical care. 


: communications, particularly with regard to operative operative experience. This project, which is now in its fifth - 
experience. year, has provided an annual database to guide the RRCinite 


The surgical operative log, of course, has been a key factor evaluation of programs and in establishing specific guidelines 





in helping the RRC achieve consistency in its evaluation of for operative experience. Sending program directors the sur- 
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: gical operative log reports of the program as well as of their 
individual residents has been an important piece of shared 


information. 


_~ The introduction of a newsletter has also been a major step 

toward greater communication. The goal has been to keep the 
RRC’ constituencies apprised of its thinking and decisions, 
especially concerning the way the committee understands 
and applies certain standards of the general and special re- 
quirements. At the same time, another very important type 
of communication has been going on inside the RRC itself. In 
each of the last 4 years, the committee has taken an extra 
“retreat” day at one of its regular meetings to discuss policy 
issues and long-range goals and objectives. Some policy dis- 
cussion takes place at each RRC meeting, but with the large 
number of programs normally on the agenda it is difficult to 
handle larger and more complex issues. The following topics 
were covered at the February 1990 meeting: educational 
issues and revision of special requirements for vascular sur- 
gery and for surgical critical care, issues and directions deal- 
ing with specialization/fragmentation of the specialty of sur- 
gery, revised guidelines for operative experience and simpler 


reporting of same, and revision of the special requirements 


for education in the subspecialties of surgery. 
MONITORING THE RRC 


As indicated above, the RRC for Surgery is part of the 
overall accreditation organization of the ACGME. Just as the 
formation of the Conference Committee on Graduate Train- 


: ing in Surgery in 1950 was the result of efforts to standardize 


and unify the approval of surgery training programs, broader 
efforts were made in the 1970s to bring greater coherence and 


S efficiency to the growing number of specialties and programs 


involved in graduate medical education. As a result of these 
efforts, the ACGME is the nationally recognized accredita- 
tion body that delegates authority to the RRCs to carry out 


the acereditation activities for programs in the pertinent 


specialties and subspecialties. 
The ACGME exercises its oversight of the individual RRCs 


: : through several mechanisms, including the approval of stan- 


dards for training, a standing committee that periodically 
monitors the practices and accreditation actions of the RRCs, 
and an appeals process that maintains the ACGME as the final 
~ decision maker for any particular accreditation decision. 

The monitoring committee presently reviews the individ- 
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ual RR©s approximately every 3 years. This ACGME comi- 
mittee _ooks at the minutes of RRC meetings for the most 
recent year, including the list of all the accreditation actions 
taken et a meeting, and evaluates them in the light. of the 
policies and procedures of the ACGME. On the basis of this 
review, the committee recommends—or does not recom- 
mend—continued delegated authority to the respective RRC 
and sets the time of the next oversight review. 

The eppeals process, which was first approved in 1976, is a 
mecharism that allows program directors to challenge ad- 
verse a2creditation actions to a level beyond the RRC and to 
receivea hearing before a specially established panel of three 
specialists in the pertinent field. The purpose of the panel isto 
review the written record and receive the written and oral 
presentations of the program to make a recommendation to 
the AC3ME on whether there was substantial, credible, and 
relevant evidence to support the action taken by the RRC; in 
additioa, the panel will make recommendations as to whether 
there was substantial compliance with the administrative 
procedures governing the process of accreditation of gradu- 
ate medical education programs. The ACGME then acts on 
the appeal at its next regularly scheduled meeting. 

Since 1979 when the first appeal was held, the RRC for 
Surgery has had the largest number of decisions appealed. Of 
the 44 accreditation decisions (probation, withhold, or with- 
draw) that were appealed, 27 (61%) were upheld and 17 (89%) 
were reversed through the appeals process. Of the decisions 
to withdraw, 21 (70%) were upheld and 9 (30%) reversed. In 
addition, three resident complement decisions were ap- 
pealed;all were reversed. 


FUTURE DIRECTIONS 


The purpose of the RRC for Surgery will remain the estab- 
lishmert and oversight of educational standards for the ac- 
creditaion of surgical residency programs to ensure quality 
education and excellent patient care. Progress in medical 
science-and technology will continue to be a challenge both to 
the specialty and to the RRC to respond positively and cre- 
atively to the ever-changing environment of health care. The 
record ef the past 40 years is a good indicator that the commit- 
tee will meet the challenge. 


Patricia Surdyk and Karen Pleasant of the ACGME research department 
assisted ia the statistical reports and graphs. 
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Forty Years of the RRC in Surgery 


The RRC (Surgery), the American Board of Surgery, and the 


-American College of Surgeons are the quality control mechanisms of 


American graduate sargical education. The RRC is now completing 
its 40th year of intense deliberations. In this article, Dr Boberg, 
Executive Secretary of the Committee, has detailed the activities of 
the RRC in acerediting surgical graduate training programs in the 
United States, 

The RRC for Surgery is one of 24 established RRCs. One exists for 
each of the medical specialties; eight involve surgical disciplines. 
Certification is provided by their respective specialty boards. The 
RRC for Surgery ie concerned with the assessment of training pro- 
grams, in contrast tc the American Board of Surgery, whose activi- 
ties relate to the certification of individuals. Of the 6570 accredited 
programs involving 89000 residents, 2110 (82%) received regular 
accreditation status review in 1989. Each RRC develops special 
requirements for its ewn training programs. 

The ACGME is sponsored by the American Board of Medical 
Specialties, American Hospital Association, Association of American 
Medical Colleges, the Council of Medical Specialty Societies, and the 
American Medical Association. On recommendation by the RRC and 
approval by the ACGME, guidelines for these programs contain the 
essential educationai content, instructional activities, patient-care 
responsibilities, supervision, and facility requirements. 

The general requirements outline program guidelines and respon- 


Residency Review Guy A. Caidweil 1950-1953 
Committee Chaltmen Peter Heinbecker 1950-1953 
i Harvey B. Stone 1950-1953 
Frederick A. Colier 1950-1956 Calvin M. Smyth 1950-1955 
Lawrence Chaffin 1956-1957 Lawrence Chaffin 1950-1957 
Warren H. Cole 1957-1959 Frederick A. Coller 1950-1957 
John H. Mulholland 1959-1961 Warteld M. Fror TORO 196A 
John H. Gibbon, Jr 196° -1963 Warren H. Cole 1950-1959 
William P. Longmire, Jr 1963-1965 John D. Stewart 1950-1959 
William D. Holden 1965-1967 Leland S. McKittrick 1954-1957 
Howard H. Bradshaw 1967-1969 Robert M. Zollinger 1954-1961 
Robert J. Cotfey 1969-1971 John H. Mulholland 1955-1961 
Samuel P. Harbison 1971-1973 John M. Waugh 1957-1962 
Harry W. Southwick 1973-1977 Gustaf E. Lindskog 1957-1963 
W, Dean Warren 1973-1979 Robert M. Moore 4957-1963 
Johni. Sawyers 1973-1981 Walter G. Maddock 1958-1962 
dohn J. Byrne 1981-1983 Charles W. McLaughlin, Jr 1958-1963 
Hiram C, Polk, Jr 1983-1985 John H, Gibbon, Jr 1959-1965 
J. Roland Folse 1985-1987 William P. Longmire, Jr 1959-1966 
William Siten 1987-1989 J. Englebert Dunphy 1961-1967 
Paul Friedmann 1986-present William D. Holden 1961-1967 
James D, Rives 1962-1965 

Residency Review Jonathan E, Rhoads 1963 
Committee Members. George H. Yeager 1963-1968 
Alfred S. Blalock 1950-1953 Howard H, Bradshaw 1963-1969 


The RRC has been directed by respected leadership in its chairmen 
and committee members. Forty percent of the chairmen and RRC 
members have been presidents of regional surgical societies. A signif- 


icant number of the RRC chairmen have been presidents of the 


American Surgical Association. Fifty-six percent of the chairmen and 


40% of the committee members graduated from medical school at 


either Harvard University (Cambridge, Mass) or Johns Hopkins 
University (Baltimere, Md). Twenty percent of the RRC chairmen 
completed their residencies at Washington University (St Louis, 
Mo). The following is a list of RRC executive secretaries who have 
played: vital management and communication roles in committee 
activities. 


RRC Executive Secretaries 
E. H. Leveroos, MD Adeiwin Douherty, PhD 1978 
(deceased) 1953-1956 Mary Alice Parsons 1979-1981 
Willard V. Thompson, MD 1956-1972 Judith S. Armbruster, PhD 1981-1986 
Paul A. Van Pernis, MD 1972-1977 John T. Boberg, PhD 1986-present 


The current assoeiate staff members, Patricia Surdyk and Marsha 
Stojek, are vital in coordinating a vast amount of review material for 
the committee, collating data, developing the annual RRC database, 


and keeping in contact with the committee. 


The RRC has 280 general surgery programs under assessment and 


---peviews the experiences of 990 to 1000 chief residents each year. In 


addition, there are 49 ACGME-approved vascular fellowships involv- 
ing 80 vascular fellews, and more recently, five approved critical care 
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sibilities common to all RRC institutions regardiess of the specialty. 
These requirements are also established by the ACGME in collabora- 
tion with the respective RRC and its sponsoring organizations. An 
assessment of whether the institutions fulfill the general require- 
ments is made in the review process of their graduate programs. 
Accreditation of a residency program indicates that it is judged to be 
in substantial compliance with the essentials of accredited 
residencies. 

The RRC of Surgery consists of 12 active members, four nominated 
by each of the sponsoring organizations: the Council on Medical 
Education, American College of Surgeons, and American Board of 
Surgery. Three ex-officio nonvoting members are added: the Execu- 
tive Director of the American Board of Surgery, the Associate Direc- 
tor of the American College of Surgeons, and the Secretary of the 
RRC for Surgery. The duration of the appointment of active mem- 
bers is 6 years. The chairman is elected by the committee and usually 
serves for 2 years. The RRC reviews program information in detail, 
determines the degree to which it meets the published guidelines, 
decides on an accreditation status for the program, and identifies 
areas of noncompliance with the standards. 

During these 40 productive years, 18 chairmen and 78 members 
have served on this committee voluntarily. The following lists include 
the names of the chairmen and members: 


Carl E. Lischer 1963-1969 Hiram C. Polk, Jr 1978-1985 
Claude E. Weich 1963-1969 James W. Pate 1979-1984 
Harold A. Zintel 1965-1969 George F. Shaidon 1979-1985 
Robert J. Coffey 1965-1971 Robert Zeppa 1979-1985 
William H. Muller, Jr 1966-1972 E. Thomas Boles, Jr 1980-1986. 
Samuel P. Harbison 1967-1973 Robert E. Condon 1980-1986 
K. Alvin Merendino 1967-1973 Jeremiah G. Turcotte 1981-1986 
Harwell Wilson 1969-1974 Arthur J. Donovan 1981-1987 
Donald Mulder 1969-1975 J. Roland Folse 1981-1987 
William H. Moretz 1969-1975 G. Robert Mason 1981-1987 
Merle M. Musselman 1969-1975 Robert M. Zallinger, Jr 1982-1987 
Fiorindo A. Simeone 1970-1975 William Silen 1983-1989 
Harry W. Southwick 1971-1977 H, Harian Stone 1985-1988 
John M. Beat 1972-1978 Roger T. Sherman 1985-1990 
F. William Blaisdell 1973-1979 J. Bradley Aust 1985-present 
W. Dean Warren 1973-1979 Paul Friedmann 1985-present 
H. William Ciatworthy, Jr 1974-1980 R. Peter Altman 1986-present 
George L. Jordan, Jr 1974-1980 Claude H. Organ, Jr 1986-present 
Donald Melirath 1974-1980 Jay K. Harness 1987-present 
Peter Dineen 1975-1980 Olga M. Jonasson 1987-present 
Robert E. Hermann 1975-1981 Samuel A, Wells, Jr 1987-present 
Victor Richards 1975-1981 W. Gerald Austen 1986-present 
John L. Sawyers 1975-1981 Lester F. Wiliams, Jr 1988-present 
George L. Nardi 1976-1978 Robert Barnas 1988-present 
John J. Byrne 1978-1983 Frank Lewis 1989-present 


fellowships in surgery with nine residents. Currently there are no 
RRC-approved hand fellowships. Review of the special requirements 


for their relevance and practical application is ongoing. Committee 


decisions are detailed, well documented, and fair. There are appropri- 


ate mechanisms for appeal of adverse decisions of the committee as = 


part of its due process. 

There is an excellent level of cooperation between the RRC, the 
American Board of Surgery, and the Association of Program Direc- 
tors in Surgery. This close interaction has led to an improved under- 
standing of their mutual problems. Although the nature of RRC 
actions does not breed uniform popularity, respect for its decisions 
has increased in recent years. Committee members commit signifi- 
cant time each year to RRC activities. The acceptance of membership. 
on this committee requires attendance of three meetings each year 
that last for 2 to 3 days and demands considerable time for committee 
work at home. It becomes readily evident that this committee and its 
activities constitute a major commitment by American surgeons to 
maintain high-quality training programs. Volunteer surgeons con- 
duct site visits for general surgery training programs and specialty 
fellowships. Mindful of the steady course the RRC has maintained 
over 40 superb years of graduate surgical education, the ARCHIVES 
salutes the RRC, current and past chairmen, and committee mermi- 
bers for a job well done. : 


CLAUDE H. ORGAN, JR, MD “a 
Oakland, Calif 
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Papers Read Before the 61st Annual Meeting of the Pacific Coast 


Surgical Association, Laguna Niguel, Calif, February 18 to February 21, 1990 
OE ary 10 to February 21, 1990 


Humanism and the Profession of Surgery 
in the Era of Medical Perestroika 


Erie W. Fonkalsrud, MD 


The physician needs a clear head and a kind heart. 
SIR WILLIAM OSLER 


tis impossible to adequately express to the members of the 

Association my gratitude for the privilege of serving as 
your president. To be so recognized by my friends and col- 
leagues instills deep feelings of humility and of pride for this 
singularly great honor, and I shall be forever grateful for your 
confidence and support. I am keenly aware that the combina- 
tion of your generosity and my good fortune does not endow 


ao - me with any profound wisdom or magic solution to the many 


difficult problems currently confronting the field of surgery in 
„the United States. I also realize that it is rare that one has the 


- opportunity and privilege of discussing a personally selected 


subject before a semi-captive audience with the sophistication 
of the Pacifie Coast Surgical Association, As physicians, and 
particularly as surgeons, we have been recognized as profes- 
sionals. Since King James IV of Scotland in 1505 granted the 
Charter of Privileges, which established the Royal College of 
Surgeons of Edinburgh, surgeons have been identified as 
having skills and responsibilities greater than those of the 


: _ barbers and laborers of the time. During the ensuing years, 


surgeons and physicians have been held in high esteem and 
trust largely because of the unique skilled care that they have 
provided on a personal basis to their patients; they were thus 
accorded the privilege of being considered professionals. 
Since we are currently in the midst of extensive social change 
that is associated with rapidly expanding technology and 
- broad alterations in our system of health care delivery, I 

~ would like to address my few comments to humanism, one of 
the most important elements of the profession of surgery in 


-this era of medical restructuring and reassessment, or, as 


Mikhail Gorbachev has called it, “perestroika.” 
THE AGE OF MEDICAL TECHNOLOGY 


We have entered an era of enormous and rapid advance- 
ment in technology, particularly in the field of medicine. Our 
science is speeding into the future. The media and the public 
are excited about the frequent reports of new diagnostic and 
therapeutic modalities, and even basic concepts such as ge- 
-netic engineering. We, as the developers and users of these 
new technological advances, are even more excited, and are 
Spurred on to achieve new medical breakthroughs with in- 
~ creasing vigor and intensity. Perhaps no area in medicine has 
experienced a greater explosion of new developments than 
` the field of surgery. Within the past two decades, coronary 
artery revascularization, organ transplantation, joint re- 
placement, extracorporeal membrane oxygenation, litho- 
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tripsy, fberoptic endoscopy, laser coagulation, and many 
other surgical techniques have not only been developed, but 
have become some of the most frequently used procedures in 
our surgical armamentarium. 

The acceleration of technology, and new concepts and com- 
mitments to health care provision, termed “medical future 
shock,” have made it difficult for the conscientious physician 
to establish a clear set of priorities for his or her time Since 
the end o? World War II, as the science of medicine has rapidly 
evolved, she craft has gradually overtaken the art. Because 
our mission is to promote both the science and the art of 
surgery, we should strive for a balance of the two. As Dr Alan 
Nelson’ notes in his presidential address to the American 
Medical Association in 1989, “We must pause and reflect on 
the role cf humanism in medicine, on that part of our profes- 
sional calling that denotes the responsibility we have for 
caring, ard the relationship between our art and our science.” 

In our academic medical centers, there has been an increas- 
ing tendency by many physicians to seek achievement in 
research rather than in teaching and in clinical care. Dr 
Robert Petersdorf,‘ president of the Association of American 
Colleges, notes that our present system provides incentives 
and rewards for more gadgets and “high tech” research, but 
provides minimal rewards for humanism; teaching and some- 
times patient care take a back seat to research. Sheehan and 
associates’ recently reported that ina pilot study of third-year 
medical students, over three fourths have become cynical 
about academic life and the medical profession as a result of 
mistreatment by faculty and house staff. In the absence of 
enthusiasm, dedication, and caring on the part of their teach- 
ers, it was suggested that students are likely to become less 
effective physicians.’ In his last public address Dr Alfred 
Blalock,’ who was one of the first surgeons in this country to 
develop an active surgical physiology laboratory, stated that 
“the paramount consideration is the rendering of the best 
possible care to the human being with a real or fancied ill- 
ness. . . .” He further indicated that excellent patient care, 
teaching, and clinical research should be accorded a status of 
dignity equal to that of so-called basic laboratory research. 
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MEDICINE: A PROFESSION OR A BUSINESS? 


Coupled with the rapid advancement in medical technol- 
ogy, concern has beer. expressed regarding the insidious 
progression of medical care from a profession into a business." 
. Agnoted by Dr Richard Ahlquist’ from this Society, the high 
_ quality of medical care, possible as a result of the heavily 

“supported programs of biomedical research, has become in- 
creasingly inaccessible because of the almost logarithmic in- 
crease in cost. When Madicare and Medicaid were signed into 
law in 1965, the government viewed access to health care as a 
right of all citizens. As noted by Paul Starr,” this legislation 
also changed that portion of physicians’ and hospitals’ work 
that was once philanthropic to work seeking at least some 
reimbursement. O'Neill” observed that this legislation was a 
major stimulus to the monitorization of medical care, and a 
great impetus to the rise in the cost of health care in the 
United States. Hospitals have been encouraged to buy newly 
developed technology and to organize as for-profit enter- 
prises. Encouraged by the Health Maintenance Organization 
Act of 1974, large investor-owned corporations structured 
their health provision organizations to not only control cost, 
but to provide a profit. This initiated a trend that has progres- 
sively undermined the physician-patient relationship. The 
patient-subseriber has become a contractor with a system, 
not a physician, a faetor that has tended to diminish the 
personal commitment of the physician to his or her patients, 
potentially undermining quality, and the close relationship 
that has for generations been the most gratifying aspect of a 
physician's life. 

Since we physicians consider ourselves to be professionals, 
further definition of this term and its major characteristics 
are in order. A “professional” possesses expertise, formal 
education, and special competence—an entitlement to act 
independently, a measure of autonomy.” A professional does 
what he or she does for reasons besides money. He or she 
hews to high ethieal standards, consciously conforms to a 
code, feels a sense of service to humanity, and acknowledges a 
higher responsibility than just earning a living. Ethics is one 
of the major characteristics that distinguishes a professional 
from a technician. In addition to the elements of expertise, 
autonomy, and higher calling the essence of being a profes- 
sional is trust. The patient needs to trust the surgeon because 
the patient cannot perform surgery and must, therefore, rely 
on the surgeon. Altruism, an unselfish concern for or devo- 
tion te the welfare of others, is a hallmark of the medical 
professional. Surgeons must possess great technical skill and 
scientific knowledge, and must reaffirm their place in our 
society as professionals in the full sense of the word if they are 
to retain the trust of their patients, and of our government. 


CORPORATE INFLUENCE ON MEDICINE 


< Although the work of the professional is recognized as 
entailing altruistic sacrifice as well as craftsmanship, in this 
society, in which financial rewards for hostile corporate take- 
overs and leveraged buyouts are great, it is tempting for 
physicians to become deeply entrepreneurial in their work as 
the successes among their peers outside medicine are often 
measured in dollars and not pride. As Dr Julius Krevans,” 
chancellor of the University of California, San Francisco, 
notes, “Individual physicians, groups of physicians, teaching 
hospitals, as well as third-party insurers, have all begun to 
behave more like a trade. In turn, the entities with which we 
deal, government. or commercial, have begun to think of us 
that way; and when they think of us that way, we behave even 
morethat way.” 

The pressures of financing and maintaining the necessary 
patient flow have led physicians into the modern world of 
advertising, mergers, acquisitions, for-profit subsidiaries, 
and joint ventures. Cur very language in medical practice has 
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changed to include new buzz words, such as marketing, con- 
sumers, and providers—a far ery from the personal relation- 
ship between physician and patient that Dr John Stevenson,“ 
in his presidential address last year, described so well as “the 
surgeon, healer with work at hand.” Medicine is no longer the 
laying on of hands; it is more like reading the signals from 
machines. In the past, the surgeon could work as an indepen- 
dent, compassionate, and caring physician, performing the 
appropriate operation and simply collecting a fee. The fierce 
complexity of the various reimbursement schemes has driven 
the solo practitioner into group practice with a business man- 
ager trained in marketing and public relations with the ability 
to cope with Medicare, preferred provider organizations, 
diagnosis related groups, categories, classes, rules, excep- 
tions, and so on. 

New technology in surgery and medicine has heretofore 


been provided for the benefit of patients and physician col- 


leagues, with the accolades for achievement being both the 
reward and incentive. The new corporate and for-profit think- 


ing in science has directed increasing attention toward pat-_ 
ents and the concept of individual or corporate-owned infor- 


mation; yet it is not clear that the logarithmic increase in 


medical innovations have all truly been in the public's best 
interest. It has been noted that the hospital charges, rather 


than the professional fees, are the principal cause of the rising 
health care costs.” So long as the professional provider is not 
personally at risk for the cost of the care that he or she orders, 


it is unlikely that we will arrive at a more rational and econom- | a 


ic use of technology. Medicine has entered the world of big 
business, toward which the US government has, for some 
years, maintained a staunch antitrust posture. We find that 


our profession, which depends so strongly on the personal 


trust between patient and physician, may now be required by 


law to demonstrate an antitrust position with respect to the 


provision of health care. 
What then is the effect on the individual, the professional, 
the surgeon of our society's rapid progression into an era of 


high technology, corporate medical care, and restrictions 


placed by government? Schwartz (New York Times. March 1, 
1975:18) has noted that more laws affecting medicine have 
been passed in the last decade than in all US history. Govern- 
ment is increasing the stringency of its controls on all aspects 
of medical care, regardless of who pays for it. Every quality 
care control expert and statistician is familiar with the bell- 
shaped or gaussian curve and how it describes the way other- 
wise identical things vary. As Kanigel” notes, to move profes- 
sionals into large corporations is likely to “lop off the tails on 
either end of the curve—to reduce the number of bad apples 
among them, but also to inhibit or discourage the best.” The 
work is more likely to be monitored and controlled. This will 
result in better work, on the average, and cost the patient 
less, but that is the average. There is a tendency for govern- 
ment and industry to bring standard solutions to nonstandard 
problems. The overall effect —creativity and genius —may be 
worn down or even driven out, but so will those at the lower 
end of the curve who have abused the system. This scenario 
may be the ultimate consequence when physicians are no 
longer trusted, when they are squeezed and constrained by 
the new harsher circumstances of their work, a progression 
toward mediocrity. 

A student who learns medicine in an environment where 
the goal is cash flow rather than personal dedication, compas- 
sion, and the accessibility or the quality of health care will 
become a different kind of physican than someone educated in 
an atmosphere in which the goal is the satisfaction of the 
patients’ needs. The 1989 American Medical Association Pub- 
lie Opinion Survey indicated that less than one third of the 
public believes that physicians explain things well or spend 
enough time with their patients.’ Approximately two thirds of 
Americans think that physicians are too interested in making 


Humanism and Surgery—Fonkaisrud 1253 











‘money and don’t care about people as much as they used to. 

-Patients increasingly tend to view physicians:more as techni- 

-cians than as healers. Medical technology is, furthermore, 
often experienced as invasive and dehumanizing. 


HUMANISM: THE ESSENCE OF MEDICINE 


According to Eli Ginzberg” of Columbia University (New 
York, NY), “The American public has not yet come close to 
giving up their private physician for an investor-dominated 
management corporate approach designed for profit.” The 
driving force of stock profits as the major goal, rather than 
producing a quality product, has become all too common in 
corporate ventures. This type of thinking has no place in the 
field of medicine. The ability to provide the miraculous cures 
of the future will depend on our understanding and application 
of the art, as well as the technology, of medicine. The confi- 
dence of the public, the bestowing of professional freedom, 
and the exchange of trust between patient and physician are 
based on those values that embody the art of medicine, the art 

_of caring, which includes humanism, diligence, altruism, mor- 
_al character, adherence to ethical standards, judgment, and 
knowledge. 

One of the most important elements of the profession of 
-surgery is humanism, which has been defined as a mode of 
thought or action in which human interest, values, and dignity 
«sare taken to be of primary importance.” In applying humanis- 
_ tie principles to our relationships with patients, we must be 
© sensitive to their needs, manage our time so their waiting is 
_ limited, respect their dignity, understand their desire for 
information, and respect their right to participate in deci- 
sions, One of the most important differences between a pro- 
fessional and a nonprofessional is the pride and honor that one 
obtains from his or her work and productivity. The pride of 
seeing another person's life benefit from your endeavors is 
almost unique to the medical profession. 

The surgeon is particularly privileged as a professional, as 
is noted by Dr Carl Schlicke™ in his address to the Pacific 
_ Coast Surgical Association 12 years ago: “Who better than the 
. surgeon is aware of the awesome responsibility which is his 
when a trusting patient places his life in his hands, when a 
split-second decision in the operating room, a move of the 
hand, can make a difference between life and death. . . . it is 
not surprising that to many surgeons their calling becomes 
almost a religion with the operating suite the temple of their 
devotions.” 

This concept has been the basis of our medical practice for 
< centuries and is well phrased in the Hippocratic Oath that 
states, “To the best of my ability and judgment I will practice 
the art of medicine only for the benefit of my patients.” 
"Maimonides has provided the soul for the physician in his well- 
chosen words, “May the love for my art activate me at all 
times. May neither avarice nor miserliness, nor the thirst for 
glory, nor for a great reputation engage my mind; for the 
-enemies of truth and philanthropy could easily deceive me and 
make me forgetful of my lofty aim of doing good to thy 
children. . . . Oh God, thou has appointed me to watch over 
the life and death of thy creatures.” 


WHERE DO WE GO FROM HERE? 


= How do we go about increasing the confidence and trust of 
the public? The problems of health care are both societal and 
_ medical, and the solutions are complex. As lack of pride and 
workmanship pervades many areas of business in our society, 
we can do much by educating the public and ourselves, and 
maintain an unswerving pursuit of excellence. The public 
-must understand the expectations we place on ourselves and 
then we must live up to those expectations. 
A rededication of our efforts to a more humanistic approach 
to patient care will do much to promote a better relationship 
with our patients. They must have a feeling that we are 
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genuinely interested in them and that we have a firm personal 


commitment to their welfare. The art of medicine explains the 
science in such a way that the patient understands his or her 
disease and treatment, and recognizes that the physician is 
committed to sharing the future with him or her. 

As Francis Peabody” in his landmark article in 1927 enti- 
tled “The Care of the Patient” wrote, “One of the essential 
qualities of the clinician is his interest in humanity, for the 
secret tothe care of the patient is in caring for the patient.” A 
patient must be completely confident in the sympathetic un- 
derstanding of the physician as well as in his or her skill. 

Although humanism is to be welcomed as a long-overdue 
reaction to our preoccupation with scientific and entrepre- 
neurial medicine, idealism alone is not an adequate guarantor 
of social usefulness. Traditionally, the physician’s concern for 
the patient has been unaffected by quotidian concerns. Soci- 
ety has encouraged physicians to seek the highest levels of 
ethical ard selfless behavior, Concomitantly, physicians have 
been provided a privileged place in society and are able to 
afford all of the necessities and even many of the luxuries of 
life. Suchsurgical elitism in our egalitarian society can only be 
justified by the offering of certain sacrifices and the accep- 
tance of certain restrictions, for with privilege comes respon- 
sibility. As Weinstein” has noted, the staff of Aesculapius, the 
mythical god of medicine, has but a single serpent. Hippocra- 
tes, considered to be the father of medicine, incorporated his 
reverence for the profession into the oath that is still taken by 
medical graduates, and that we as physicians use to reaffirm 
our belief in the primacy of patient interest. In contrast, the 
caduceus of Hermes has two serpents intertwining around 
the staff. In Greek mythology, Hermes was the god of com- 
merce as well as science, eloquence, and cunning. Physicians 
should not be encouraged to emulate the god of mercantilism. 
As Weinstein notes further, “American society has not 
served itself well by allowing medical ethics to be equated 
with business ethics. The second serpent should be excised 
from the staff of Aesculapius and never allowed to return.” 


SPECIFICS FOR THE FUTURE 


As privileged professionals or, to quote Schwartz,” “eagles 
in an egali:arian society,” we must accept certain responsibil- 
ities, some of which have been suggested by a few of our 
surgical colleagues in previous presidential addresses.”” We 
must demonstrate those qualities of professional behavior 
and interpersonal relationships that characterize the accept- 
ed ethical standards of a responsible physician and an effec- 
tive member of society. The major qualities of surgical excel- 
lence should include caring, concern for the common good, 
commitment, competence, creativity, compassion, and 
confidence. 

We must care about the effective provision of our medical 
and surgical services with a personal concern for the common 
good of our society. In conjunction with both government and 
industry, we must develop a modern and cost-effective pro- 
gram of affordable health care, keeping the best interest of 
the patient always in mind. We should offer surgical care that 
is reasonably priced and, at the same time, is “high tech” and 
“high touch.” If we, as a society, decide that we cannot afford 
to pay for unlimited medical care, then we must help to 
determine what is the maximum affordable basic level of 
medical care to which all citizens have a right. Since one of the 
largest impacts on cost containment is prevention, the leading 
causes of morbidity and mortality may be reduced substan- 
tially if we take strong stands to support programs against 
smoking, driving under the influence of alcohol, using drugs, 
and help ecucate the public with respect to good nutrition, 
immunization, and personal health. 

We must. make a commitment to find better methods for 
providing care for the indigent, including donating a portion 
of our professional time and inspiring an interest in public 
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service among our colleagues. Community, city, county, © 


state, and government clinics and hospitals, which provide 
the major portion of health care to financially underprivileged 
patients, require much volunteer time from almost all physi- 
cians, including surgical specialists, if we are to continue to 


k -provide the best medical care available to all our citizens. 


We must participate actively in the standardization of med- 
ieal and surgical fees. Being a professional requires experi- 
ence and judgment. and that is where medicine may clash 
with corporate and government attempts at cost contain- 
ment. Clinical judgment is something one learns only by 
practicing, although oceasionally a judgment call by a physi- 
cian may be regarded ir the eyes of the regulators as extrava- 
gant. We must participate actively with government and 
health care organizaticns to determine the relative value of 
our surgical services compared with all other medical services 
available in providing the best available care to all citizens. 
This year, the Pacific Coast Surgical Association has had 
considerable input into the deliberations by the American 
College of Surgeons, as well as the government-supported 
Hsaio Commission’s development of a resource-based rela- 
tive. value surgical fee schedule. 

We should serutinize and tighten the indications for all 
medical and surgieal procedures. The operations we perform 
must be “necessary” for the well-being of the patient; our 
obligations should not cease when surgery is not the optimum 
therapy for an illness. We must be very aware of the high cost 
of medical tests and procedures and attempt to avoid using 
the excuse of “defensive medicine” and the availability of new 
technology as the indications. Considerable progress has 
been made in this area through the American College of 
Surgeons and working with the recently developed hospital 
quality assurance programs, but there is still much room for 
improvement. 

We must take a strong stand to uphold competence. Al- 
though efforts by the medical profession to contro] those 
physicians who are judged to be incompetent or unprofession- 
al by their peers have been frustrated in recent years by 
sanctions enjoined against medical societies, boards, and 
committees, uncer the rubric of “restraint of trade,” we must 
tighten our peer review system. We must directly and force- 
fully deal with those who abuse the public trust and work 
together with cur colleagues in the legal profession and in 
hospital administration. We must begin to take a more active 
role in determining what is an unfortunate medical outcome 
without negligence from that due to physician error or incom- 
petence. The new hospital-based quality assurance programs 
are a step in the right direction that should be supported and 
guided by our mecical and surgical associations. We should 
strive to proteet quality, but also control costs; to reject the 
incompetent, yet nurture the excellent. 

We should maintain a creative mind to continue to improve 

-the technology and standards of our profession. We must 
‘continue to strongly support and participate actively in both 
basie and clinieal research and to maintain an interchange of 
knowledge, one of the prime goals of this Association. Judi- 
cious use of new technology is imperative. One must not 
forget that the stethoscope can provide very helpful informa- 
tion, and that the computed tomography scan need not always 
be part of the initial examination. We must further realize 
that medical knowledge and experience are for our patient’s 
benefit, and are not commodities that are for sale. 

Most important, we must maintain a deep sense of compas- 
sion with personal concern for our patients’ overall well- 
being, as wellas for their medical treatment. We must prevail 
inour efforts to preserve our professional ethics, ideals, and 
_ ‘humanism in patient care, for nothing we could possibly do 

would help more to restore the loss of publie trust and confi- 
dence and erhance our continuing privilege of being consid- 
> ered professionals. 
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CUMMEN! 


This past summer my wife and I were privileged to take a 
cruise through the beautiful Alaskan waterways. The captain 
of the ship steered us through iceberg-filled fjords, assisted 
by the latest computerized technology and pilots, the course 
chosen based on his judgment and experience. He held the 
trust and confidence of all passengers, perhaps one of the last 
vestiges of independent decision making in a public setting. 
Surgeons have often been accorded the title “captain of the 
ship” since they have the trust and confidence of their patients 
while making independent decisions based on judgment and 
experience. The surgeon of today and tomorrow must care 
about more than making the correct diagnosis and proceeding 
with an expeditious and accurate operation using state-of- 
the-art technology. He or she must maintain a humanistic 
relationship with the patient and the patients family, for 
holding the trust of others as a professional is a privilege that 
carries broad responsibilities. 

In closing, may I express the hope that my feelings of 
optimism and confidence are shared by other surgeons. I have 
tried to share with you some of my sincere concerns, convic- 
tions, and constructive responses. The future of surgical care 
is challenging, and the Pacific Coast Surgical Association 
must continue to play a major supporting role in that future. 
We must address, identify, and stand up for, as an organiza- 
tion and as individuals, what is sound and sensible about the 
future practice of medicine. I have the utmost trust that 
regardless of the changes in the system under which we 
practice, surgeons will strive to provide nothing short of the 
best technical and humanistic patient care with an increasing 
dedication toward working to a solution of the large number of 
medical and social issues at hand. 
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arterlog- 
| raphy was performed if the Injury was in “proximity” to a eine 
neurovascular bundle. In 216 patients, arteriography was per- 
formed when an abnormal finding was noted. Sixty-five injuries 
Were Identified, 19 requiring intervention. Proximity was the indi- 
_ -cation for arteriography in 157 patients. Seventeen injuries were 
- identified, of which one required repair. In penetrating extremity 
trauma, the need for arteriography Is based on clinical findings. 





R ather than risk the medical and possible legal conse- 
quences of a missed arterial injury, it has become com- 

mon practice for surgeons to employ arteriography as a 
_ Screening device in patients with penetrating extremity trau- 
_ Ma. The value of arteriography in patients who do not require 
_ immediate operative intervention but have obvious signs of 
- an arterial injury, is readily apparent. An arteriogram per- 
formed in either the operating room or radiology suite will 
_ identify the location and nature of an injury and assist in 
planning the subsequent treatment. The value of arteriogra- 


arterial injury is less clear. The recognition that occult arteri- 
_ alinjuries may be present despite the absence of overt physi- 
cal signs of arterial trauma has led many surgeons to advocate 
_ the routine use of diagnostic arteriography for injuries in 
_ “proximity” to a major neurovascular bundle.” 

The clinical usefulness and diagnostic yield of arteriogra- 
phy for penetrating extremity injuries in proximity to a neu- 
- rovascular bundle remains controversial. A recent report by 
_ Frykberg et alf suggests that the ultimate benefit of routine 
_ arteriograms is minimal and represents overuse of costly 
_- medical resources, Others, however, have maintained that if 
_ arteriography for proximity were abandoned, major arterial 
__ injuries would be missed. This would result in serious medi- 
_ eal, legal, and financial consequences.“** This study was de- 
_ signed to address these concerns by prospectively determin- 
ing the diagnostic and therapeutic yield of arteriography 
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when roucinely performed for proximity alone as well as for 
other sigrs more directly suggestive of an arterial injury. 


PATIENTS AND METHODS 


During tae 18-month period from July 1, 1987, to December 31, 
1988, 373 patients with a unilateral penetrating injury to an upper or 
lower extremity were entered into a prospective study designed to 
assess the value of routine diagnostic arteriography in identifying 
clinically oceult arterial injuries. Patients with a penetrating injury 
distal to the deltopectoral groove or inguinal ligament underwent 
arteriography if a distal pulse deficit, nerve deficit, hematoma, histo- 
ry of hemorzhage or hypotension, bruit, fracture, major soft-tissue 
injury, or delayed capillary refill was present; or if in the absence of 
these findings, the path of the penetrating object was judged by the 
admitting surgeon to be in proximity to a major neurovascular bun- 
dle. All arte-iograms were performed in the radiology department 
via a femoral puncture and confined to the injured limb. Patients with 
bilateral penetrating injuries, injuries outside the defined anatomic 
boundaries, er arterial injuries that required operation because of 
severe limb ischemia or active hemorrhage were excluded. 

Before the arteriogram was performed, information on the age and 
sex of each pazient, injury type (stab wound, shotgun wound, gunshot 
wound, or other), extremity injured (arm or leg), and side injured 
(left or right) was obtained. A history of hemorrhage or hypotension, 
the quadrants (medial anterior, medial posterior, lateral anterior, 
and lateral posterior) traversed by the penetrating object, and the 
presence of a bruit, pulse deficit, hematoma, fracture, major soft- 
tissue injury, aeurologie deficit (sensory, motor, combined, or glove 
distribution), cr decreased capillary refill was noted. In 210 patients, 
posterior tibia/dorsalis pedis or radial/ulna Doppler pressures of the 
injured and centralateral uninjured extremity were obtained and 
indexed (ankle-arm/brachial index [ABI]) using the brachial Doppler 
pressure of an aninjured extremity. 

Each artericgram was interpreted as “normal” or “injured.” The 
arterial segmeat injured was described. Arterial injuries were de- 
fined as “major” or “minor,” Major injuries were injuries to arterial 
segments that, if interrupted, would likely result in clinically signifi- 
cant limb ischemia. All other arterial injuries were termed minor, 
The arterial injery was further classified as an intimal defect, intimal 
flap, pseudoanearysm, arteriovenous fistula, stenosis, or occlusion ag 
defined in a previous report. Therapy was based on the arterio- 
graphic findings and included observation, arteriographie emboliza- 
tion, arterial ligation, or repair. 

The arteriographie findings, arterial segment injured, and treat- 
ment were compiled for patients in whom diagnostic arteriography 
was performed fer abnormal clinical findings and for patients without 
abnormal findings in whom proximity alone was the indication. 

The sensitivity and specificity of the Doppler ABI in predicting an 
arteriographic arterial injury were determined for the 210 patients in 
whom Doppler data were available. The minimum of the two ABIs 
(MABI) at the ankle or wrist were used for these determinations. 
Three different ranges, less than or equal to 0.99 and less than or 
equal to 0.90, were arbitrarily chosen as abnormal for these calcula- 
tions. Sensitivity represents the percent of arteriographic arterial 
injuries correctly predicted by an abnormal. MABI and specificity 
represents the pe=cent of normal arteriograms correctly predicted by 
anormal MABI. 
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For ali patients, a multivariate stepwise logistic regression analy-. 


sis was performed to determine whether any abnormal findings 
corrélated with the arteriographic demonstration of a major or minor 
arterial injury." The following variables were considered for this 
. analysis: age, sex, injury type, extremity, side, projectile path by 
quadrant, pulse deficit, fracture, major soft-tissue injury, hemato- 


"ma, neurologic deficit, bruit, history of hemorrhage, hypotension, 


© decreased capillary refill, and MABI of the injured and contralateral 
uninjured extremity. 

Three hundred seventy-three patients were entered into the proto- 
col; 845 were male and 28 were female. Median age was 24 years 
(range, 10 to 73 years), There were 229 (61%) lower and 144 (89%) 
upper extremity injuries. The right extremity was injured in 172 
(46%) cases and the left in 201 (54%) cases. The quadrants traversed 
by each injury are showa in Table 1. The incidence of injury type, 
history of hemorrhage or hypotension, fracture, hematoma, neuro- 
logic deficit, pulse deficit, soft-tissue injury, decreased capillary 
refill, and bruit are found in Table 2. Two hundred sixteen patients 
(58%) underwent arteriography because one or more abnormal find- 
ings were present, and 157 (42%) had proximity alone as the 
indication. 


RESULTS 


Eighty-two patients (22%) had an arterial injury demon- 
strated arteriographically (Table 3). The quadrants traversed 
by the penetrating object and the incidence of arteriographic 
injuries for each combination are found in Table 1. The inci- 
dence of a positive arteriogram for given injury or abnormal 
finding is found in Table 2. The mean and median MABI in 
extremities with an arterial injury were 0.81 and 0.92, respec- 
tively. In extremities in which an arterial injury was not 
demonstrated, the mean MABI was 0.94 and the median, 
0.99. The sensitivity/specificity of the MABI in predicting an 
arterial injury was 82%/40% at less than or equal to 0.99, 
71%/63% at less than or equal to 0.95, and 49%/76% at less 
than or equal to 0.90. 

In the 216 patients with abnormal findings, 65 arterial 
injuries were found, of which 22 were major and 43 were 
minor. Nineteen injuries in this cohort required arterial re- 
pair or embolization. Proximity alone was the indication for 
arteriography in 157 patients. In this group, 17 arterial inju- 
ries (four major and 13 minor) were demonstrated. One in- 
jured artery underwent ligation (Table 3). 

Overall, 20 arterial injuries were treated by repair or arte- 
riographic embolization. The arterial repair was end-to-end in 
11 and by vein interposition in four. Embolization was per- 
formed for four injuries and arterial ligation for one. All other 
injuries were treated nonoperatively. The major artery inju- 
ries treated nonoperatively included intimal defects (n=7), 
occlusions (two profunda femoris, one profunda brachii) 
(n= 8), pseudoaneurysm (n= 1), and stenosis (n= 1). Thirty- 
two minor artery occlusions, five intimal defects, five intimal 


e _ flaps, five small pseudoaneurysms, and three small arteriove- 
` : nous fistulae were treated nonoperatively (Table 3). 


Following arterial repair, all patients were discharged with 
~~ @ patent repair and intact vascular examination. Emboliza- 
tions. were successful in all instances. No untoward events 
occurred in those patients treated nonoperatively and all 
were discharged with a stable vascular examination and in- 
tact limb. 

Twenty-one patients treated nonoperatively have been fol- 
lowed up from 1 te 8 months (median, 2 months) after injury 
and remain clinically stable. Ten patients have undergone 
repeated arteriography at 4 days to 2 months after injury to 
reassess five intimal injuries, three arteriovenous fistulae, 
and two pseudoaneurysms. All injuries had resolved with the 
- exception of an intimal defect in the radial artery, which was 
‘unchanged, and a persistent medial geniculate arteriovenous 


_. fistula, which was embolized. 


-For the stepwise logistic regression analysis, the following 
variables were initial_y considered for the model: age, sex, 
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Table 1.—Quadrants Traversed by Penetrating Injury vs 
Arteriographic Findings 










Arteriographic Findings, 
No. 

















premene onneaan 
Normal Injury (%} 
5 (19) 


No. of 


Quadrants* Patients 


Med/ant-med/post 
























































Med/ant-iat/ant 32 19 13 (40) 
Med/ant-lat/post 34 28 6 (18) 
Med/ant-no exit 94 19 (16) 
Med/post-lat/ant 13 13 (46) 
Med/post-lat/post 15 10 § (33) 
Med/post-no exit 29 26 3 (10) 
Lat/ant-lat/post 6 6 0 

Lat/ant-no exit 56 44 12 (21) 
Lat/post-no exit 40 31 9 (22) 





82 
*Ant indicates anterior; Lat, lateral; Med, medial; and Post, posterior. 





Table 2.— Incidence of Arterial injury for Each Injury Type or 
Abnormal Finding 






Arterial 
Injury, No. (%) 


No. of 
Patients 
















injury 
Stab wound 79 13 (16) 
11 (46) 


Gunshot 256 57 (22) oo 








Other 13 1 (8) 
Fracture 95 25 (26) 
Hematoma 76 21 (28) 
















Neurologic deficit 
Sensory 27 14 (52) 


Motor 13 3 (2) 
1 










Motor/sensory 22 8 (36) 
All 63 25 (40) ; 








Pulse deficit 38 22 (56) 
Soft-tissue injury 19 4 (21) 
Hemorrhage history 10 2 (20) 





Decreased refill 3 (38) 
Hypotension 4 2 (50) 
1 









injury type, extremity, side, distal pulse deficit, fracture, 
major soft-tissue injury, hematoma, neurologie deficit, bruit, _ 
history of hemorrhage, hypotension, and decreased capillary _ . 
refill. Those variables that occurred in less than 10 patients, 


ie, bruit, history of hemorrhage, hypotension, and decreased 


capillary refill, were subsequently not entered. A pulse defi- 
cit, neurologic deficit, and shotgun injury were shown to | 
correlate significantly (P<.05) with arteriographic evidence 
of an arterial (major or minor) injury. The presence of one or 





more of these variables identified a high-risk group of 104°. 
patients. Forty patients in this group had an arterialinjury,a < 
yield of 38%. Fifteen of the 40 patients with an arterialinjury 


required arterial repair or embolization; 25 were observed. 





The remaining cohort of 269 patients had none of these _ 
high-risk predictors. A second stepwise logistic regression __ 
analysis was performed using these 269 patients, the above __ 


variables, and the same end point of arteriographic injury. 
Also entered in this regression analysis were the MABI ofthe 
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Table 3.—Arteriographic Findings and Treatment 


AG Indication 





Artery Findings Proximity Defect Flap 





ajor 

Brachial 

Profunda 
brachii hits 1 





AG Findings 


Panysm 


9 1 1 obs 2 


Treatment 





Sten AVF Embol Observe 


Repair 


2 ees 7 


Ligate 











Femoral 
common 





Superficial 





Profunda 








Popliteal 











Minor 
Tibial/uinar/ 
radial 








Branch 





Total 


` injured and uninjured extremity, and a new variable, “soft.” 
_ The MABI of the injured extremity was considered positive if 
less than or equal to 0.99 or less than 0.10 of the uninjured 
-extremity MABI. All patients in whom MABI was not avail- 
-able were included in the analysis with MABI coded as un- 
known. Soft was constructed as positive if a fracture, hemato- 
_ Ina, bruit, decreased capillary refill, history of hemorrhage, 
- hypotension, or soft-tissue injury was associated with the 
_ penetrating injury. In this cohort, an MABI less than or equal 
`< to 0.99 and the variable soft were significantly (P<.05) corre- 
lated with an arterial injury. Either one or both of these 
_ variables were present in 165 patients and represented an 
intermediate risk group. Thirty-three patients (20%) had an 
__ arterial injury, five of which required intervention. 
_ A low-risk group of 104 patients with none of the above 
_ findings remained. Nine injuries (9%) (one profunda brachii 
occlusion, one profunda femoris occlusion, one brachial inti- 
_ mal defect, one profunda femoris intimal defect, and five 
_ branch occlusions) were demonstrated arteriographically in 
_ this group. In seven of the nine patients with injuries, Dopp- 
_ ler data were not available. The stratification of the arterial 
_ Injuries and treatment for the three risk groups is found in the 
Figure. 
To investigate whether a specific projectile path might 
correlate with the presence of an arterial injury, the quad- 
_ rants traversed by the penetrating injury (Table 1) in patients 
< with a thigh or upper arm injury were analyzed by stepwise 
“logistic regression. A significant correlation (P<.05) was 
. found for a projectile path traversing the medial posterior and 
_ lateral anterior quadrants. In nine patients, this path was 
_ present in the absence of one or more of the significant vari- 
~ ables (pulse deficit, nerve deficit, shotgun injury, MABI less 
than or equal to 0.99, and soft). Two arterial injuries, a 
_ profunda femoris intimal defect, and a branch occlusion were 
_ found in these nine patients. 


COMMENT 


- The evolution of arterial reconstruction during World War 
Al andthe Korean War incorporated a policy of mandatory 
“surgical exploration for all penetrating wounds in proximity 

_ to major vascular structures.” Concurrently, mandatory ex- 

- ploration of extremity wounds in proximity to a major neuro- 
vascular bundle became accepted practice in the management 

of civilian trauma.”"” This policy, although resulting in a 
“decrease in missed arterial injuries, resulted in a large num- 
ber of surgical explorations in which no arterial injury was 
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*AG indicates arteriogram; AVF, arteriovenous fistula; Embol, embolization: Occi, occlusion; Panysm, pseudoaneurysm; Sten, stenosis. 


identified. Refinements in the safety, availability, and resolu- 
tion of cortrast arteriography provided a diagnostic modality 
that accurately screened for arterial trauma in patients with 
proximity injuries and eliminated the need for surgical explo- 
ration.” The value of this diagnostic approach in penetrating 
trauma rapidly became apparent and routine arteriography 
for proximity wounds soon became common. 

Initially, clinically occult arterial injuries were reportedly 
identified by arteriography in up to 20% of patients.” Because 
the natural history of these injuries was difficult to establish, 
there was appropriate concern that, if untreated, these inju- 
ries would invariably result in arterial thrombosis, hemor- 
rhage, or aneurysm formation. Consequently, all injuries in 
major vessels identified arteriographically were explored and 
repaired. 

In recent years these practices have come under increased 
scrutiny for the following reasons: 

1. The yield of abnormal arteriograms in patients in whom 
proximity is the arteriographic indication may be less than 
10%, not the 20% reported earlier." 

2. The concept of proximity is ambiguous and, depending 
on the surgeon, may be interpreted in a variety of ways, often 
resulting in inappropriate utilization of diagnostic arteriog- 
raphy. 

3. Arteriograms are less than perfect. A low but real inci- 
dence of false-negative arteriograms has been demonstrated 
experimertally as well as clinically and a 2% incidence of false- 
positive arteriograms has also been reported.**"*" 

4. Arteriography is an expensive screening modality. De- 
pending on the institution, the cost of a single negative 
screening arteriogram can range from $750 to $1500.° 

5. In addition to the cost of negative studies, serious arte- 
riographic-complications can occur. Although the incidence of 
arteriographic complications in our institution has been ex- 
ceedingly low, Reid et al’ reported a 2.6% incidence of compli- 
cations following extremity arteriograms performed. for 
proximity. 

6. The majority of injuries identified by arteriography in 
otherwise asymptomatic patients are, in most instances, 
small intimal defects, small pseudoaneurysms, or occlusions 
of noneritical vessels. Previously, these injuries were all op- 
erated on; however, it has been recently demonstrated that 
the great majority of these injuries heal spontaneously with 
few sequelae.’ 

This reasoning suggests that a policy of routine arteriogra- 
phy for proximity alone may be of minimal clinical benefit and 
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an inefficient use of medical resources. This study we thus 
designed our study with the following two purposes: first, to 
ascertain prospectively the practical yield of diagnostic arte- 
riography when routinely employed for proximity alone and 
to determine, for a given finding or constellation of clinical 
findings, the risk of arterial injury following a penetrating 
injury to an extremity; and second, to investigate the useful- 
ness of Doppler pressure measurements, a noninvasive, inex- 
pensive modality, as an alternative screening test for clinical- 
ly oecult arterial injuries. 

The indication of proximity alone was attended by an arte- 
riographic finding of an arterial injury in 11% of patients, 
similar to other recent reports." Only four (2.5%) of these 
injuries were of major arteries, all profunda brachii or fe- 
moris, none of which required surgical intervention. Ligation 
of a small pseudoaneurysm of the ulnar artery was the only 
operation required. Given our more recent experience with 
selective management of minimal nonocelusive injuries, we 
would not at this time initially treat this injury surgically.” In 
contrast to these findings, 65 arterial injuries, 22 of which 
were major, were detected arteriographically in 216 patients 
with one or more abnormal findings. Nineteen of these inju- 
ries required operaticn or embolization. 

Clearly, the presence of one or more abnormal findings 
resulted in an increased diagnostic yield compared with prox- 
imity alone. To better define what specific demographic, 
injury, or abnormal clinical findings might correlate with an 
arterial injury, the statistical method of stepwise logistic 
regression was used. In decreasing order of significance, a 
pulse deficit, neurologic deficit, and shotgun injury defined a 
high-risk group of 104 patients. The presence of one or more of 
these findings was found in 49% of the patients with arterial 
injuries and 75% of patients with injuries requiring repair. As 
one would expect, a pulse deficit was the most predictive of an 
arterial injury. However, of more interest is the finding that 
the presence of a neurologic deficit and shotgun injury were 
correlated as well. With one exception, the neurologic deficits 
identified in this study corresponded to specific motor and 
sensory pathways that travel with the major arterial trunks, 
confirming the value of a careful neurologic examination in the 
evaluation of penetrating extremity trauma. The strongly 
positive correlation of shotgun injuries is in agreement with 
the high prevalence of arterial injuries documented by Fryk- 
berg et al’ following a shotgun injury, and is most likely due to 
the multiple pellets and wide anatomic scatter of these 
injuries. 

Excluding those patients with one or more of the high-risk 
findings, a second analysis, in which the remaining variables 
were entered, was performed. A new variable soft was con- 
structed and entered into this analysis to determine the com- 
bined predictive value of the remaining abnormal findings. In 

addition, hemodynamic data and quadrant location were in- 
corporated into the model to determine their potential predic- 
tive value. The data pertaining to quadrant location were 
obtained and entered in an attempt to objectively assess the 
validity of proximity as an indication for arteriography. Al- 
though none of the remaining abnormal clinical findings was 
individually correlated with an arterial injury, taken as a 
group, they were significantly correlated. The importance of 
an MABI less than er equal to 0.99 as a predictor of arterial 
injury was evident as well. 

Others have proposed that Doppler pressure measure- 
ments may be of value in the management of penetrating 
extremity trauma, and the decreased mean and median 
MABI in patients with an arterial injury compared with those 
without an injury supports this contention.”* However, there 

“are minimal data correlating a specific ABI with an arterial 
injury. We therefore selected three arbitrary ranges and 
defined them as abnermal in an attempt to determine the ABI 


Arch Surg— Vol 125, October 1990 





No. of Patients 











High Intermediate Low 
Risk 

Bar graph depicting high-, intermediate-, and low-risk patient groups 

as determined by the stepwise logistic regression analysis. The arteri- 

al injuries and operations/embolizations required are graphically ilus- 

trated for each group. Shaded bars indicate patients; open bars, 

arterial injury; and solid bars, operation/embolization. 


value that would provide the optimum sensitivity and specie 
ficity. When defining an abnormal MABI as less than or equal = 
to 0.99, the MABI was sufficiently sensitive to predict over 
80% of the arterial injuries, but at the expense of a very low 
specificity. Lowering this threshold to those of less than or 
equal to 0.95 and less than or equal to 0.90 markedly de- 
creased the sensitivity of the MABI. These data suggest that 
Doppler measurements may be useful in guiding the need for - 
arteriography. Further studies to better define the diagnos- 
tic limits of Doppler measurements should be pursued. 

A second or intermediate risk group of 165 patients was 
identified by the presence of either the soft variable or an 
MABI less than or equal to 0.99 or both. This group encom- <. 
passed 33 arterial injuries and the remaining five operations 
or embolizations not identified in the high-risk group. 

The finding that a projectile path traversing the medial 
posterior and lateral anterior quadrants in the upper arm or 
thigh was correlated with an arterial injury added little to the 
identification of patients at risk for an arterial injury. Exelud- © 
ing those patients already identified by the above significant - 
variables, this projectile path was present in only nine pa- 
tients, two of whom had minimal arterial injuries. Other paths 
that were potentially in proximity to the course of a major 
neurovascular bundle were not found to be independently 
correlated with an arterial injury. 

The low-risk group comprised patients who did not mani- 
fest any abnormal clinical findings and had an MABI greater . 
than or equal to 1. All patients in this group had arteriograms 
for proximity. Nine injuries were identified, but none re- 
quired any intervention. Data from our group as well as Stain 
et al” and Frykberg et al" suggest that the injuries detected 
in this group have a clinically benign natural history. 

A policy of performing arteriography exclusively for inter- 
mediate and high-risk groups and eliminating proximity as an 
indication would have identified 89% of injuries and 100% of —__ 
injuries that required intervention. Nearly a third of the 
arteriograms performed in this study would not have been 
performed without significant risk to a single patient. - 

This prospective study confirms that proximity alone isan 
insufficient indication for diagnostic arteriography in pene- o 
trating extremity trauma, since the yield is low and the __ 
necessity for operation infrequent. The need for arteriogra- 
phy can be more precisely based on a careful clinical examina- 
tion and readily available noninvasive testing. Furthermore, - 
this experience suggests that significant arterial injuries 
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manifest abnormal clinical findings or objective hemodynamic 
evidence of arterial compromise, making a more selective 
application of arteriography in the evaluation of the trauma- 
tized limb practical and safe. 


This study was supported in part by grant MO1 RR-43 from the National 

` Center for Research Resources, Genera! Clinical Research Center, National 
-Institutes of Health. 

; We acknowledge the invaluable assistance of Ann Siegel, RN, and Gerda 
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Discussion 





Kags JOHANSEN, MD, Seattle, Wash: The traumatized limb that 
| “potentially harbors an occult vascular injury represents a diagnostic 
and management dilemma. 

This study is the latest and most important nail in the coffin of the 
routine or “exclusion” arteriogram for the limb potentially harboring 
asilent arterial injury. Recent work from the Universities of Florida, 
~ Dallas, Denver, and Southern California has documented that such 

-arteriograms are expensive, invasive, and have an significant inci- 
= dences of false-positive and false-negative results, are mostly unre- 
_ vealing of arterial damage; and in the majority, discover abnormali- 
ties that are clinically irrelevant. These studies continue to be 
performed because of a combination of diagnostic inertia and “litiga- 
tion phobia.” 

In this study, the authors suggest that factors that can easily be 
determined by history and physical examination actually can make a 
_ © dinical difference. Second, through the means of multivariate step- 
| wise logistic regression analysis, they stratify their patients into 

highs, intermediate-, and low-risk categories; the first, based on the 
-> presence of a shotgun injury by history, pulse, or neurologic deficit on 
- examination; the second, based on a constellation of physical, hemo- 

. dynamic, and anatomic findings; and the third, based on proximity 

alone in the absence of any other worrisome clinical data. 
A My first observation is based on the shortcomings of an epidemio- 
-5 logie study in providing guidance for the individual patient. Using 
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what we te-m the arterial pressure index (arterial pressure of injured 
limb divided by arterial pressure in an uninvolved arm), and setting 
normal at greater than 0.90, we have found a negative predictive 
value of 9% for Doppler pressure measurement in this setting. At 
Harborview, we have completed a prospective study in which arteri- 
ography was performed only for limbs with an arterial pressure index 
less than (.90. We had no missed injuries and a 94% likelihood of 
positive firdings in those patients who did undergo arteriographic 
studies, aad reduced the number of extremity angiograms by 
fourfifths. 

My ques-ions are as follows: (1) This study examined penetrating 
injuries only. Do you have data for blunt trauma as well? Do you have 
any reason to believe your conclusions would be different in that 
setting? (2) If arteriograms are to be used as the “gold standard,” we 
must agree that they are only 14-karat gold. What was the incidence 
of misleading arteriogram results in your series? (3) Young, healthy 
arteries gc into spasm very readily. You do not report it as an 
angiographic finding; can you explain this? (4) Finally, the greatest 
expense of performing arteriography in the trauma patient is that of 
the time ex>ended: in our center, a mean of 2.4 hours. How long does 
your average study take? 

F WILLIAM BLAISDELL, MD, Sacramento, Calif: I take issue with 
two aspects of this study. First, there was a significant incidence 
(11%) of inury in the wound of proximity group. Although it was 
stated that enly one of these patients required surgical treatment, the 
problem with this group is that they are unreliable. They do not come 
back for foLow-up, so you have to resolve the problem initially: do 
they have ar injury or not? 

The secord issue is that while physical examination is all-important 
and the use of the vascular laboratory has increased our diagnostic 
acumen, the definitive study is arteriography. The principal argu- 
ments against arteriography are the time and expense required to do 
it. 

Initially, surgeons did their own arteriography, and I believe more 
should be done by us either in the operating room or in the emergency 
department This markedly decreases the time and expense of the 
procedure aad yields definitive information immediately. 

If a patiert has evidence of injury, he or she should to be taken to 
the operating room without any delay. If arterial wound is not cer- 
tain, ie, if it 5 a shotgun wound, an arteriogram can be obtained at the 
time of surgery. Minimizing the time delay between injury and 
operation is key to getting the optimal result in the management of 
vascular injury, and we should be doing arteriography ourselves in 
this group of cases. 

DR YELLIN: We are suggesting that the physical examination 
might often replace the routine arteriogram for proximity trauma. It 
is important-for us to question and reexamine old concepts, particu- 
larly in the light of new knowledge. We have discarded routine 
surgical expbration for penetrating trauma; perhaps the same will be 
true for proximity arteriography. Proximity arteriography is not 
perfect. There are false positives, false negatives, complications, and 
considerable-economic costs. 

Our data and those of Dr Johansen have demonstrated that clinical 
findings and the ankle brachial index can predict which cohort of 
patients requires arteriography. Essentially 100% of clinically rele- 
vant injuries, and those requiring intervention, will be identified 
within this group. To accept this concept one must also believe that 
the minor injaries that may be missed do not need operative interven- 
tion. We and others have now demonstrated this. 

Dr Johansen, it takes between 1.5 and 4 hours to obtain an angio- 
gram depending on whether it is day, night, or weekend. This affects 
cost. To carry on Dr Blaisdell’s thoughts, however, any patient with 
hemorrhage ar ischemia goes directly to surgery without pausing for 
arteriography. If necessary, a one-shot arteriogram can be obtained 
in the operating room. We are about to report a similar study with 
patients with blunt trauma, and the data are even more convincing 
that the phys:cal findings are an excellent predictor of arterial injury. 
We have not Fad false-positive arteriograms confirmed by surgery (in 
which no arterial injury was found). We cannot be certain about false- 
negatives beeause these patients were not operated on. We have a 
captive popu.ation, our young warriors return to us because they 
have no otherhospital to go to. We do not see them return with missed 
injuries; they return often with a second gunshot or stab wound. We 
had 22 patien-s with spasm on arteriogram. All resolved and all were 
classified as normal arteriograms. Had we considered these as abnor- 
mal or as postive arteriography injuries, our data would have been 
even more statistically significant and more relevant. 
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Is Liver Transplantation Justified for the 
- Treatment of Hepatic Malignancies? 


Kim M. Olthoff, MD; J. Michael Millis, MD; Michael H. Rosove, MD; Leonard I. Goldstein, MD; 


Kenneth P, Ramming, MD; Ronald W. Busuttil, MD, PhD 


e Twenty-eight patients received orthotopic liver transplants 
tor malignant disease between February 1, 1984, and December 
31, 1989. Preoperative diagnoses included hepatocellular carci- 
noma (n= 16), cholangiocarcinoma (n = 3), other primary hepatic 
tumors (n= 6), and metastatic diseases to the liver (n = 3). Overall 
actuarial survivals at 6 months, 1 year, and 5 years were 67.3%, 
51%, and 31%, respectively. Long-term survival longer than 5 
years was achieved in 3 patients. The recurrence rate in patients 
surviving longer than 3 months is 48% (median, 7 months). Hepa- 
tocellular carcinoma and cholanglocarcinoma had the poorest 


a `- survival and highest recurrence rates. Specific prognostic fac- 


A tors correlating with survival or recurrence could not be elucidat- 


ed, These results indicate that orthotopic liver transplants can 
provide long-term cure and palliation for malignant disease; 


however, patient selection is extremely important in predicting 
outcome. 
(Arch Surg. 1990;125:1261-1268) 


n the early evolution of orthotopic liver transplantation 

(OLT), unresectable malignant disease confined to the 
liver was initially believed to be an excellent indication. Many 
of the early successes in liver transplantation were obtained 
in patients with hepatic tumors unresectable by standard 
metheds, and early survival was equal to, if not better than, 
those patients with benign liver disease.’ As follow-up ex- 
© tended beyond the early postoperative months, it soon be- 
came apparent that tumor recurrence occurred frequently, 

often in the first 2 years following transplantation.’ With 
continued improvements in operative technique, immunosup- 
pression, and intensive care, it was no longer the technical 
expertise and the ability to perform the procedure with ac- 
ceptable morbidity and mortality that determined long-term 
outcome of tumor patients, but careful patient screening and 
selection. 

The appropriateness of performing OLT for malignancy 
has been questioned in recent years as several centers began 
to report disappointing survival statistics and high recur- 
rence rates. The question arises, should we transplant a 
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limited resource of donor livers into patients who have a 
significant rate of early recurrence and a much lower survival 
rate than those who underwent transplantation for end-stage 
benign liver disease? Alternatively, can we cease performing 
a procedure that offers the only possibility of cure in these 
patients? Finally, how can we select those patients who have 
the best chance of long-term survival? 

To answer these questions and determine if OLT is justified _. 
for the treatment of hepatic malignancies, we performed a.” 


retrospective analysis of our experience with OLT for malig- 


nant disease and reviewed the recent results of many of the a 
larger transplant centers in North America and Europe. 


PATIENTS AND METHODS 


At UCLA, we performed 492 OLTs in 413 patients between Febri 
ary 1984 and December 1989. Of these, 28 patients underwent trans-. 
plantation for malignant disease; 16 patients had primary hepatocel- 
lular carcinoma (HCC), including one of the fibrolamellar type; three 
were diagnosed with cholangiocarcinoma; and six had other primary. 
hepatic tumors including hemangioendothelioma (n= 3), neurosar-. 
coma (n=1), lymphangioma (n=1), and hepatoblastoma (n=1). 
Three patients had nonhepatic primary tumors that had spread to the 


liver: one leiomyosarcoma from the stomach, one metastatic panere- © 


atic adenocarcinoma, and one metastatic islet celltumor(Tablestand 
2). Incidental carcinomas were not included in this analysis. ae 
Of the 28 patients, 15 were female and 13 were male. The ages ofthe’ 


patients ranged from 2 to 70 years (mean, 36.6 +18.4 years), five of 


whom were less than 16 years old, four were between ages 16 and 30 
years, 15 were between ages 31 to 50 years, and four were older than 
50 years. 

All patients were evaluated extensively prior to OLT, with the 
exception of one patient (No. 129). who was. transferred in acute: 
fulminant hepatic failure. Preoperative evaluation of all patients with 
tumor ineluded history, physical examination, and laboratory studies 
(ineluding liver function test, measurement of a-fetoprotein and car- 
cincembryonie antigen, and serologic analysis). Abdominal ultra: i 
sound, chest and abdominal computed tomographic (CT) sean, bone. = 


sean, and angiography were routine preoperative studies, and ex- z 1 


ploratory laparotomy was performed in three patients prior to. OLT. 
Eleven patients received chemotherapy prior to transplantation. a 
Orthotopic liver transplantation was performed by conventional 


techniques as previously described,’ except in two patients with 
metastatic pancreatic neoplasms who underwent foregut resections 


in combination with hepatic replacement. Furthermore, in perforin: 
ing the recipient hepatectomy, attention was paid te excising all 
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~ Table 1.—Diagnoses and Outcomes of Patients Who 
we Underwent Orthotopic Liver Transplantation (OLT) 
Patient Date Follow-up, 
No. of OLT Outcome mo 


4 
70 





Diagnosis 
Neurosarcoma 


Metastatic 
leiomyosarcoma 


Hepatoma 
6 Hepatoblastoma 
9 Hemangiocendothelioma 
11 Hepatomastyrosinemia 
18 Cholangiocarcinoma 

















1 
2 































3/20/84 Alive 





Dead 1 





6/11/84 
8/8/84 Alive 65 
































28 Hepatoma 5/16/85 Dead 
64 Hepatoma 6/5/86 Dead 
81 Hemangioendothelioma 10/5/86 Alive 
97  Hepatoma 1/9/87 Dead 15 










| 125  Lymphangioma 6/11/87 Alive 31 
: 129 Hepatoma 6/25/87 Dead 3* 
i 160 Hepatoma 10/20/87 Alive 26 




















164 Hepatoma 10/28/87 Dead 5 

178. . Hepatoma 12/24/87 Dead 21.5 
Hemangicendothelioma 3/21/88 Alive 21 
Hepatoma 4/26/88 Dead 2* 
















Hepatoma 5/1/88 Alive 


Cholangiocarcinoma 








8/25/88 Dead 







265 Cholangiocarcinoma 9/14/88 Dead 1 
: IVC thrombosis 
[> 283 Hepatoma 11/5/88 Dead 5 
309 Hepatoma 2/13/89 Alive 11 
334 Metastatic pancreatic 4/29/89 Dead 4.5 
adenocarcinoma 










z 347 Hepatoma 6/9/89 Dead 3* 
E 5 


371 Metastatic islet cell 8/10/89 Alive 
neuroendocrine tumor 


| *Follow-up period was 3 days for patient 129; 2 weeks for patient 223; and 
3 weeks for patient 347, 

























- lymph node-bearing tissue around the portahepatis, gastrocolic liga- 
‘ment, and retrohepatic vena cava, and a short segment of recipient 
~ portal vein was left in place. Roux-en-Y choledochojejunostomy was 
performed in most cases. All patients received similar postoperative 
immunosuppression including cyclosporine, azathioprine, and pred- 
nisolone phosphate. Patients with OLT performed after 1986 also 
received OKT3 either prophylactically or for acute rejection." 

` Three patients required retransplantation, one at 2 weeks due to an 
ischemic liver, another at 10 days for acute rejection, and another at 8 
months with liver failure secondary to vanishing bile duct syndrome. 
Twelve patients received postoperative chemotherapy, five of these 
receiving therapy only after a recurrence had occurred. One patient 
was placed on a protocol requiring 6 months of postoperative therapy 
that included continuous 5-fluorouracil infusion in combination with 
doxorubicin hydrochloride and cisplatin administered every 3 weeks. 
Patients were followed up closely by CT scans and chest roentgeno- 
graphs, and a-fetoprotein and carcinoembryonic antigen levels (if 
applicable) were monitored. 

A retrospective analysis was performed obtaining information on 
‘preoperative therapy, findings at laparotomy, margins of surgical 
specimen, tumor size and number, presence of pseudocapsule and 
circumscribed tumor, histologic classification, vascular and serosal 
invasion, and nodal status. Data were also obtained regarding timing 
"of recurrence and location of metastases. Deaths occurring in the first 
_ -8months following transplantation were attributed to complications 
| “of OLT. Statistics were calculated using Kaplan-Meier cumulative 

-- gurvival curves and Student's t test. 
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Table 2.—Histologic Features of 28 Hepatic Tumors 


No. of 












Primary*hepatic tumors 
Hepatocellular 
Fibælamellar 


Norfibrolamellar 
Cirrhotic 
Noncirrhotic 
HepBSAg+ 
HepBSAg — 9 
Cholaagiocarcinoma 

Associated with sclerosing cholangitis 


2 
Associated with IVC thrombosis* 1 
Hemaagioendothelioma 3 
1 
1 
1 

















































Lymphangioma 
Hepatic neurosarcoma 
Hepateblastoma 


Metastatic tumors to liver 
Pancreatic carcinoma 
Istet:celi neuroendocrine 1 


Pancreatic adenocarcinoma 1 
Gastric leiomyosarcoma 

















*IVC indicates inferior vena cava. 


RESULTS 
Primary HCC 


Sixteen patients underwent transplantation for primary 
HCC. Twelve had associated cirrhosis and six were associ- 
ated with hepatitis B surface antigen +. One of the pediatric 
patients had HCC in association with tyrosinemia-related 
cirrhosis. Of these 16 patients, three remained alive 11, 20, 
and 26 months following OLT. All were in good health and 
free of disease. Actuarial survivals at 6 months, 1 year, and 2 
years were 62.5%, 40.4%, and 22.5%, respectively. Our long- 
est survivor in the HCC group died 31.4 months following 
OLT from recurrent disease. 

Five patients received various courses of preoperative sys- 
temic chemotherapy. Two others were treated with preoper- 
ative chemoembolization and hepatic artery infusion of dox- 
orubicin hydrochloride (Adriamycin). All seven of these pa- 
tients died. Mean follow-up was 12.8+3.9 months, which is 
not signifieantly improved over those patients who did not 
receive chemotherapy (P>.05). 

Tumor size ranged from 0.5 to 15 em and all patients had 
multiple tumors. The patient with the largest tumor nodule 
(15 x 118 cm) was still alive 26 months after OLT. There 
were positive lymph nodes in three of the 16 patients and 
vascular invasion in seven. Seven patients were found to have 
extrahepatic disease that was resected en bloc at the time of 
OLT. Only ene of these patients was free of tumor longer than 
6 months after OLT. 

All surgical margins were negative except in one patient 
who arrived in hepatic coma and underwent an urgent OLT 
although the extent of disease was not known until laparoto- 
my. Histologic examination revealed occult cholangiocarcin- 
oma as wal. This patient died 3 days postoperatively of 
multiorgan failure. 

Four patients died in the first 3 months from complications 
of OLT including sepsis, anoxic brain death, arrhythmias, and 
multiorgan failure. Of the remaining patients who survived 
more than £ months, eight (67%) developed recurrent disease 
diagnosed 2 months to 2 years following transplantation. The 
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majority recurred in the first year (n =5). Tumor recurrence 
accounted for 78% of the deaths occurring after 3 months 
(seven of nine patients); the other deaths were due to recur- 
rent hepatitis and sepsis. The location of the initial tumor 
recurrence was the lung in four patients, the transplanted 
liver in two patients, and the peritoneum and chest in one 
patient. 

The presence of cirrhosis, HepBSAg + serologic analyses, 
tumor size or number, vascular or serosal invasion, or the 
presence of positive hilar nodes has shown no significant 
effect on tumor recurrence or survival; however, the numbers 
are too small for statistical analysis. All three surviving pa- 
tients and all patients who did not develop recurrence had 
well-circumscribed tumors, as opposed to only two in the 
group that did recur. 

The one patient with fibrolamellar variant of HCC was 
doing well 11 morths after OLT. She received 6 months of 
continuous 5-fluoreuracil infusion and doxorubicin and cispla- 
tin per an adjuvant protocol adopted in 1988. This patient 
required retranspiantation at 8 months for hepatic failure 
secondary to vanishing bile duct syndrome. Her second liver 
is currently functioning well, and there is no evidence of 
recurrent disease. 


Cholangiocarcinoma 


Three patients in our series were found to have cholangio- 
carcinoma. None had a definitive preoperative diagnosis. 
Two patients had sclerosing cholangitis as their primary indi- 
cation for OLT, but bile duct tumor was suspected. One 
patient was found to have a mucinous adenocarcinoma in the 
extrahepatic bile cucts invading the hilum. Tumor recurrence 
occurred in the transplanted liver 1 year 10 months after 
OLT. Another patient with cholangiocarcinoma associated 
with sclerosing cholangitis had a recurrence of disseminated 
metastases at 6 months. The third patient was found to have 

inferior vena cava thrombosis extending into the right atri- 
um. The tumor and thrombus was resected in its entirety with 
clear surgical margins. Final pathologic diagnosis revealed 
adenocarcinoma consistent with cholangiocarcinoma, al- 
though HCC could not be ruled out. The patient died of sepsis 
and multiorgan failure 1 month following OLT. There was no 
residual disease found at autopsy. All three of these patients 
demonstrated vascular invasion on the pathology specimens. 


Other Primary Liver Tumors 


One patient with hepatoblastoma (juvenile hepatoma) un- 
derwent transplantation at age 2 years for a large 15 x 10-cm 
single tumor nodule. There was no evidence of extrahepatic 

. disease and the child remained alive over 5.5 years following 
transplantation. 

There were three cases of epithelioid hemangioendothe- 
lioma. All three remained alive and free of disease at 21, 39, 
and 65 months following transplantation. All three tumors 
consisted of multiple small tumors throughout the liver pa- 
renchyma. On microscopic inspection, one patient was found 
to have positive lymph nodes and vascular invasion. Another 
patient underwent transplantation for a lymphangioma 
weighing 35 pounds that filled the entire liver. She was found 
to have vascular ang serosal invasion, but was free of recur- 
rent disease 31 months after OLT. 

The first OLT was performed in a man with a malignant 
hepatic neurosarcoma of the undifferentiated spindle cell 

- type. This patient received doxorubicin and hyperthermia 
_ treatments prior te OLT. At operation, surgical margins 
were free of tumor and there was no lymph node or vascular 
~ invasion. However, tumor recurred at 3 months and he died 4 
months following transplantation. 
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Of the six patients who underwent transplantation for non- 
hepatocellular primary liver tumors, five remained alive and 
free of disease with a follow-up of 21 to 67 months after OLT. 


Metastatic Disease 


We performed OLT for hepatic metastases of primary tu- 
mors of nonhepatic origin in three patients. Overall survival 
was 67% with a follow-up of 5 to 70 months. 

One of the patients with metastatic disease had a primary 
leiomyosarcoma of the stomach that had been treated with 
partial gastrectomy, at which time bilobar metastases were 
noted. She received chemotherapy with no response and the 
decision was made to perform OLT. At operation, she was 
found to have multiple metastases ranging from 1 to 5 em, but 
no extrahepatic disease. The patient was alive 70 months 
following transplantation without evidence of recurrent 
disease. 

The other two metastatic tumors originated from the pan- 
creas. Both patients had multiple metastases ranging from 
0.5 to 6 cm and both had positive lymph nodes and vascular 
invasion. In both patients, a foregut resection was performed 
including total hepatectomy, pancreatectomy, partial gas- 
trectomy, subtotal colectomy, splenectomy, and duodenec- 
tomy ina similar fashion as described by Starzl et al. An OLT 
was completed and a gastrojejunostomy and ileocolostomy 
restored continuity of the gastrointestinal tract. One of these 
patients had a neuroendocrine islet cell tumor of foam cell 
histology that had studded the entire liver. She received no 
postoperative chemotherapy and was alive and free of disease 
5 months following transplant. The other patient had a moder- 
ately differentiated pancreatic adenocarcinoma that locally 
invaded the diaphragm. He received fluorouracil postopera- 
tively, but developed evidence of pulmonary recurrence 4 
months following OLT. 


Overall Results at UCLA 


Actuarial survivals for all 28 patients at 6 months, 1 year, 
2 years, and 3 years were 67.3%, 51.0%, 37.0%, and 31.0%, 
respectively (Fig 1). The overall recurrence rate in patients 
who survived longer than 3 months was 48% (median, 7 
months; range, 2 to 24 months), the highest rates being in 
patients with HCC and cholangiocarcinoma (Fig 2). We have 
achieved long-term survival (more than 5 years) in several 
patients, as follows: 70 months after OLT for metastatic 
leiomyosarcoma in one patient, 67 months following OLT for 
hepatoblastoma in another, and 65 months following OLT for 
hemangioendothelioma in one other, Of the 18 patients sur- 
viving 6 months or longer, 16 (89%) returned to an active, 
productive lifestyle including work, homemaking, or school. 
We have been unable to identify any specific prognostic fac- 
tors with respect to recurrence and survival in this series of. 
patients. The presence of a well-circumsecribed tumor in the 
patients with HCC may have a more favorable prognosis than 
those without, but our series is too small at this point to show 
any significance. 


COMMENT 


Orthotopic liver transplantation for hepatic malignancy 
remains a difficult and controversial issue. To determine the 
efficacy of transplant for malignant disease, it is necessary to 
evaluate the results of a large number of centers. In the 
recent years, several investigators have reported their expe- 
rience with OLT for tumor: Starzl et al,® Iwatsuki et al,’ 
Koneru et al, and Koneru’ at University of Pittsburgh, Pa; 
O'Grady et al” at Cambridge; Ringe et al” and Pichlmayr’ at 
Hannover; Jenkins et al” at New England Deaconness in 
Boston; Flye and McCullough” at Washington University in 
St Louis; and Bismuth et al' reporting on the European Liver 
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_ Fig.1.—Actuarial survival time vs percent after orthotopic liver trans- 
- „plantation for malignancy (UCLA, 1984-1989). Squares with solid line 
_. Indicate: overall. malignancies; triangles, hepatocellular carcinoma; 
-Solid circles, cholangiocarcinoma; open circles, other primary can- 
` cers; and squares with brokenine, metastatic disease. 
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: Fig 2.—Bar graph showing recurrent disease for 28 patients who 
» underwent transplants for malignancy (UCLA, 1984-1989). HCC indi- 
tes hepatocellular carcinoma. 








Transplant Registry (Table 3). Overall actuarial survival 
rates for all types of hepatie malignancy range from 20% to 
40% at 3 years. Recurrence rates range from 37% to 65%. We 
will consider these centers’ results according to tumor type. 


HCC 


Hepatic resection is the treatment of choice for primary 
HCC, but if the disease is bilobar or central, or if the remain- 
ing parenchymais severely compromised from cirrhosis; sub- 
total hepatectomy may not be an option. Only 20% to 30% of 
HCCs can be considered for resection. When the HCC is 
unresectable, the median survival from diagnosis is only 2to 4 
months and there is no proven curative chemotherapeutic 
regimen to date.“ To be considered for total hepatectomy and 
transplantation, a patient must have a tumor that is not 
amenable to partial resection by increasingly modern ap- 
proaches to hepatectomy, and must demonstrate no evidence 
of extrahepatic spread by sophisticated preoperative studies, 
including laparotomy. 

In the most recent series from the University of Pitts- 
burgh,” 35 patients in the cyclosporine era were treated for 
nonfibrolamellar HCC, 14 of which were incidental carcino- 
mas found in patients who underwent transplantation for 
other reasons. Of these patients, 13 were reported alive and 
free of disease. The remaining 21 patients underwent trans- 
plantation with malignancy as the primary indication. Sixteen 
patients survived more than 2 months and 56% developed 
recurrence. Six of the 21 patients were alive without recur- 
rence at the time of publication. Survival at 3 years was 20%. 

The fibrolamellar variant of HCC has a more favorable 
outcorne. In general, this variant grows slower than nonfibro- 
lamellar HCC and has a higher resectability rate. Koneru® 
performed transplants on nine patients with this variant in 
the cyclosporine era, three of whom died from non-tumor- 
related causes. Two patients died of recurrent disease and 
four patients remained alive, one with recurrent disease re- 
quiring multiple pulmonary resections and chemotherapy. 
This patient was doing well 52 months following recurrence. 

Ringe et al” described 52 patients who underwent trans- 
plantation for HCC (four with the fibrolamellar variant) with 
a 3-year survival rate of 20%. Fifty-two percent had residual 
disease or developed recurrent tumor. Of the 52 patients who 
received transplants, 15 were alive at the time of publication, 
one as long as 12 years. The TNM classification revealed 
highly significant differences in median survival time: 120 
months for stage II (pT2,pN0,pM0) compared with 11.88 
months for stage III and 8.75 months for stage IVA. None of 
the patients with lymph node metastases survived more than 
1 year. Neither preoperative a-fetoprotein levels nor the 
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presence of cirrhosis was associated with better or worse 
survival rates. 

In the Cambridge series,” 50 patients with HCC, including 
seven with the fibrolamellar variant, received transplants. A 
recurrence rate of 64.9% was noted and recurrent disease 
accounted for 59% of the deaths after 3 months. Two-year 
actuarial survival was 38%. Ten of the 50 patients remained 
alive and there were two long-term survivors at 4.8 and 11.8 
years at the time of publication. Of the patients with fibrola- 
meliar HCC, 43% remained alive and free of disease. A longer 
median interval between transplant and death from recur- 
rence was seen in patients with well-differentiated tumors. 

Jenkins et al” reported results of transplantation per- 
formed for HCC on five patients; four of them remained alive, 
although follow-up was brief. In an analysis of combined 
results from four centers, Jenkins et al showed 1- and 2-year 
actuarial survival rates to be 88% and 24% for HCC (not 
including incidental or fibrolamellar variant). Recurrent tu- 
mor was the cause cf death in 72%. The European Liver 
Transplant Registry, the Netherlands, a combination of 32 
European centers, reported a 2-year actuarial survival rate of 
30% in 217 patients who underwent transplantation for HCC.’ 

Recently, Iwatsuki et al’ analyzed prognostic factors af- 
fecting survival and recurrence. In a group of 80 liver recipi- 
ents with hepatoma vascular invasion, tumor number, tumor 
shape (circumscribed vs noncireumscribed), and the presence 
of lymph node invasicn were found to be significant indepen- 
dent factors affecting survival. The tumor size (greater than 
5 cm), multiple nodules, vascular invasion, and tumor shape 
(noncircumscribed) were poor prognostic histopathologic fac- 
tors for recurrence in nonfibrolamellar HCC. They also con- 
firmed that there was a longer tumor-free period in the fibro- 
lamellar variant of HCC. In this report of 70 nonfibrolamellar 
and 10 fibrolamellar tumors, 1- and 3-year actuarial survival 
rates were 68% and 44%, respectively. Tumor recurrence 
rate was 37% in 68 patients who survived more than 3 months. 
In these patients who survived more than 3 months, tumor 
recurrence was the cause of death in 66%. These results show 
marked improvemerit from earlier series from the same 
institution.” 


Cholangiocarcinoma 


Tumors of the bile ducts appear to have a uniformly dismal 
prognosis at most centers. A recent Pittsburgh series report- 
ed 11 bile duct carcinomas.’ Of the nine patients who survived 
more than 2 months, seven developed a recurrence and six 
died within 5 months of the recurrence. Only two were alive at 
the time of publication. None of the eight patients with bile 
duct earcinoma in the Cambridge series” survived more than 
l year. These statistics correlate with our own disappointing 
results with cholangiocarcinoma. Ringe et al” also reported 
sobering results witk: four of 10 patients with cholangiocarcin- 
oma having extrahepatic tumor at the time of OLT. Nine of 10 
patients died in less than 1 year, and one remains alive with 
multiple metastases. They also found the major significant 
influence on survival of patients with bile duct tumors to be 
lymph node status free of tumor. The 2-year actuarial survival 
rate of patients with pNO stage was 64.1%. Patients with 
lymph nodes that tested positive for cancer at time of trans- 
plantation died within 1 year. 

In an attempt to cure malignancies that arise from the 
embryonal duodenal outpouchings and eliminate their spread 
toforegut derivatives, Starzl et al’ performed radical excision 
of the foregut and transplanted organ cluster grafts including 
liver, pancreas, duodenum, and proximal jejunum in 10 pa- 
tients. Six of these patients had duct cell carcinomas with 
extensive liver invasion. Although follow-up was still brief at 
the time of publication (3 to 9 months), five of the six patients 
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with duct cell tumor were alive and free of detectable disease. _ 
The early success of these operations for a very unfavorable 
tumor type remains promising, but the long-term follow-up 
will be extremely important in determining the efficacy of this 
radical treatment. 


Other Primary Hepatic Tumors 


This group includes a large variety of tumors, the majority 
being epithelioid hemangioendotheliomas, angiosarcomas, 
and hepatoblastomas. Hemangicendotheliomas are, in gener- 
al, slow-growing but aggressive tumors with a variable natu- 
ral history.” Angiosareomas have a much less favorable prog- 
nosis. Hepatoblastomas are the most common hepatic tumors 
in the pediatric population. Histologic type determines long- 
term survival of patients with hepatoblastoma, and resect- 
ability may be increased with preoperative chemotherapy.” 

In the Cambridge series," five patients underwent trans- 
plants for primary angiosarcoma. Four died within the first 2 
months and the fifth had a tumor recurrence at 6 months. 
Their only patient with hemangioendothelioma died at 2 years 
with recurrence in the liver graft. The Hannover series” had 
two cases of hemangiosarcoma. The first patient died at 5 
months secondary to disseminated tumor, and the other was 
alive without disease at 3 years. They also performed trans- 
plants on two patients with hepatoblastoma one of whom died 
in the early postoperative period, and the other remained 
alive at 6 years following transplantation. This child was 
found to have mixed epithelial-mesenchymal lesions with an 
intermediate prognosis. 

Konerw’ has treated seven patients with epithelioid heman- 
gioendothelioma in the cyclosporine era. One patient died of 
recurrence at 16 months and the remaining six are reported 
alive. In an earlier report of the Denver/Pittsburgh series, 
Iwatsuki et al’ reported one patient with angiosarcoma who 
died of residual tumor at 3 months and one patient with 
sarcoma of unknown origin who was alive without recurrence 
at 8.66 years. They also described one patient with a,-anti- 
trypsin deficiency and hepatoblastoma who was alive and free 
of disease over 7 years after transplantation. In a combined: 
series of 10 centers in North America, 12 children were 
treated for hepatoblastoma by OLT. Haif of these children 
remained alive 24 to 70 months following transplantation.” 


Metastatic Disease 


The liver is the organ most frequently involved with metas- 
tases from other organs. Recent studies have shown that 
hepatic resections for metastatic colorectal carcinomas can 
provide long-term survival and cure in certain patients.”” 
However, resection is not possible if the metastases are not 
isolated and the tumor is studded throughout the entire 
organ. i 

The European centers performed the greatest number of 
transplants for metastatic disease. Pichlmayer’ reported the 
results of seven European centers in which 43 transplants 
were performed for metastatic disease (30 colorectal). Only 
six patients (14%) were alive 2 years following transplanta- 
tion and there were no 5-year survivors. In the Pittsburgh 
series, seven patients underwent transplants for metastatic 
disease (five neuroendocrine, one leiomyosarcoma, and one 
adenocarcinoma of unknown origin). Four of the patients with 
neuroendocrine tumors underwent resection of the primary. 
lesion at the same time as the OLT. Four patients remained 
alive, two with recurrent disease.” In the Cambridge series, 
two patients underwent transplantation for disabling symp- 
tomatic carcinoid syndrome. One died of chronic rejection at 7 
months and the other was alive and symptom-free at 12 
months, They also performed transplants on six other pa- 
tients with metastatic disease from various primary sites. 
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Only three of the six patients survived longer than 3 months, 
and these three died of recurrent tumor.” 

As stated earlier, Starzl et al* performed abdominal cluster 
transplantations for foregut derivative tumors. Two of these 
were sarcomas from the duodenum and two were carcinoids, 
one from the stomach and the other from the duodenum. All 
four had extensive liver involvement. One patient died 9 days 
after requiring retransplantation and developing systemic 
candidiasis. The other three were alive at the time of publica- 
tion with a follow-up of 168 to 258 days. 

Considering the collective data reviewed above, there is 
obvious potential for long-term cure with this form of thera- 
py, and no patient should be categorically rejected for liver 
transplantation. Certain tumors have a very favorable prog- 
nosis following OLT, including incidental HCC, fibrolamellar 

< HCC, epithelioid hemangioendotheliomas, and hepatoblasto- 
. mas. In patients with multifocal HCC found in cirrhotic livers, 
OLT is probably the treatment of choice, as opposed to multi- 

_ ple resections that leave behind compromised hepatic paren- 
_. ehyma. Patients who do not fare as well, such as those with 


large symptomatic HCCs, diffusely infiltrative carcinomas, 
cholangiozarcinomas, or extrahepatic disease, should not be 
candidates unless they are placed in an investigational proto- 
col, ideally a multicenter national trial. 

Careful patient selection remains crucial for the success of 
this form of therapy. This includes detailed screening and 
tumor staging prior to transplantation. In any patient with 
malignancy, the liver transplantation procedure should be 
planned as an exploration with a donor liver in hand. If any 
positive lymph nodes or extrahepatic disease are found at that 
time, ther another candidate should be considered for trans- 
plantation, although future studies using adjuvant therapy 
may allow us to include patients with cancerous lymph nodes 
that are Zree of extrahepatic tumor. We need to balance 
prudent jedgment and patient selection with the desire to 
expand the limits of conventional therapy in searching for new 
and innovetive cures. 


This study was supported by a grant from the JoAnn Barr Memorial Founda- 
tion at the UCLA Liver Transplant Program. 


References 


1, Bismuth H, Castaing D, Eriezon BG, et al. Hepatic transplantation in 
Europe: first report of the European Liver Transplant Registry. Lancet. 
1987;2:674-676. 

2. Twatsuki S, Gordon RD, Shaw BW, Starzl TE. Role of liver transplanta- 

<o: tion in cancer therapy. Ann Surg. 1985;202:401-407. 

3.. Pichlmayr R. Is there a place for liver grafting in malignancy? Transplant 
Proc. 1988;20:478-482. 

4. Busuttil RW, Colonna JO, Hiatt JR, et al. The first 100 liver transplants at 
UCLA. Ann Surg. 1987;206:387. 

5. Millis. JM, McDiarmid SV, Hiatt JR, et al. Randomized prospective trial of 
<>. OKT3 for early prophylaxis of rejection after liver transplantation. Transplan- 
oS tation. 1989:47:82. 

> 6, Starzl TE, Todo S, Tzakis A, et al. Abdominal organ cluster transplanta- 
tion for the treatment of upper abdominal malignancies. Ann Surg. 
* 1989;210:374-386. 

T. Iwatsuki S, Starzl TE, Yokoyama I, Todo S. Liver transplantation for 
epatocellular carcinoma (hepatoma). In: Book of Abstracts of the IV Congress 
ofthe European Society for Organ Transplantation. 1989:41. 

> 8. Koneru B, Cassavilla A, Bowman J, Iwatsuki S, Starzl TE. Liver trans- 
plantation for malignant tumors. Gastrointest Clin North Am. 1988;17:177- 
198, 

9. Koneru B. Liver transplantation for malignant tumors. Surg Rounds. 

1989:23-28. 

“10, O'Grady JG, Polson RJ, Rolles K, Calne RY, Williams R. Liver trans- 
plantation for malignant disease: results in 93 consecutive patients. Ann Surg. 
1988;207:373-379. 

11. Ringe B, Wittekind C, Bechstein WO, Bunzendahl H, Pichlmayr R. The 
(> Yole of liver transplantation in hepatobiliary malignancy: a retrospective analy- 
_.. sis of 95 patients with particular regard to. tumor stage and recurrence. Ann 
u Surg. 1989;209:88-98. 










12. Jenkins RL, Pinson CW, Stone MD. Experience with transplantation in 
the treatmeat of liver cancer. Cancer Chemother Pharmacol. 1989; 
23(suppl):104. 109. 

13. Flye MW, McCullough CS. Liver transplantation for malignant disease. 
Principles and Practice of Oncology. Philadelphia, Pa: JB Lippincott; 1989;3:1- 
12. 

14. Di Bisceglie AM, Rustgi VK, Hoofnagle JH, Dusheiko GM, Lotze MT. 
Hepatocellular carcinoma. Ann Intern Med. 1988;108:390. 

15. Bermaz MA, Burnham JA, Sheahan DG. Fibrolamellar carcinoma of the 
liver: an immunohistochemical study of nineteen cases and a review of the 
literature. Hum Pathol. 1988;19:785-794. 

16. Starzl TE, Iwatsuki S, Shaw BW, Nalesnik MA, Farhi DC, Van Thiel 
DH. Treatmeat of fibrolamellar hepatoma with partial or total hepatectomy 
and transplan:ation of the liver. Surg Gynecol Obstet. 1986;162:145-148, 

17. Ishak EG, Sesterheen JA, Goodman MD, Rabin L, Stromeyer FW. 
Epithelioid hemangioendothelioma of the liver: a clinicopathologic and follow- 
up study of 32:cases. Hum Pathol. 1984;15:839-852. 

18. Lack ES, Neave C, Vawter GF. Hepatoblastoma: a clinical and patho- 
logic study of £4 cases. Am J Surg Pathol. 1982;6:693. 

19. Koneru B, Flye MW, Busuttil RW, et al. Liver transplantation for 
hepatoblastoma: the American experience. Ann Surg. In press. 

20. Adson MLA, Van Heerden JA, Adson MH. Resection of hepatic metasta- 
ses from colorectal cancer. Arch Surg. 1984;119:647. 

21. FortnerJG, Silva JS, Golby RB, et al. Multivariate analysis of a personal 
series of 247 censecutive patients with liver metastases from colorectal cancer 
treatment by hepatic resection. Ann Surg. 1984;199;306-316. 

22. Stone MJ, Klintmalm G, Potter D, Husberg B, Egorin MJ. Neoadjuvant 
chemotherapy-and orthotopic liver transplantation for hepatocellular carcino- 
ma. Transplartation. 1989;48:344-847. 


Discussion 


<o> WILLIAM S. FLETCHER, MD, Portland, Ore: Olthoff et al have 
_. done a service by reporting their results and analyzing data from the 
-Tirst decade of liver transplantation for cancer. In the face of modern 
_ regional chemotherapy, I doubt that survival is as poor as they 
` suggest. I was stimulated to look at our own experience in the past 10 
years, 
< ~~. Inthe early 1960s, Drs Daniel Dennis, William Awe, Sarah Donald- 
gon, and I worked out the maximum tolerated dose of various chemo- 
therapeutic agents given via the hepatic artery in dogs and then in 
_ . humans. We found a surprisingly wide range of tolerance and settled 
onl g/d of fluorouracil for 10 days, or 2 g/d for 5 days with virtually no 
: toxicity except mild peptic symptoms. Doxorubicin hydrochloride 
-can be given at 0.4 mg/kg per day for 5 days in patients with mild liver 
_» dysfunction or at half that dose in patients with severe liver dysfunc- 
` tion. Cisplatin, velban, vincristine, and mitomycin C can also be given 
= -Via the hepatic artery, but dosages of methotrexate that are well 
tolerated systemically are uniformly lethal when given via the hepatic 
:: artery. Most patients were given fluorouracil or doxorubicin intrave- 
< nously weekly between infusions. In recent years, we have also 
<- employed chemoembolization of the hepatic artery and, rarely, radia- 
tion therapy for the inferior vena cava syndrome, which causes 
=- gudden ascites and anasarca of the lower extremities. Good responses 
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are the rule rather than the exception. One patient with extensive 
ovarian carenoma to the liver is completely free of disease (by 
repeated ope biopsy) at 19 years. One patient with hemangioendoth- 
elioma is alive and well at 14 years, and another patient. with breast 
cancer is alive at 13 years and beginning to develop distant metasta- 
ses. Almost all hepatomas and metastatic colon cancers limited to the 
liver respond for 2, 3, or 4 years. I do think that it is important to use 
some suppressive systemic therapy along with the infusions and 
chemoembolizations. 

The results of our regional chemotherapy in the same tumor types 
as reported by Olthoff et al are shown in Table 4. 

Clearly, there are two populations of patients here—those who 
respond to treatment and those who die within 1 to3 months. Presum- 
ably the transplantation patients were the better candidates. 

This discussion is not meant to diminish the importance of this 
article. The qaestion is whether a patient with cancer can tolerate the 
immunosuppression associated with transplantation. Definitely 
some of them:-can and may even benefit from it. The problem is one of 
selection of patients and further definition of the immunobiology of 
cancer, a mos: perplexing subject. 

In summary, the judicious but aggressive use of hepatic artery 
infusion, cheracembolization, and possibly irradiation prior to trans- 
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Table 4.—Resuits of Regional Chemotherapy* 





Cancer Type 
Hepatomas 
Ampullary carcinoma 
Unknown primary 











Cholangiocarcinora 

islet cell 

Pancreatic adenocarcinoma 
Leiomyosarcoma 





*Reported by Fletcher et al. 
+11 patients still alive. 


plantation would not only provide years of additional useful life, but 
would help select these patients who are not going to get early distant 
spread. It may ever be possible to extinguish the tumor in the liver 
prior to transplantation or to render it incapable of growing as a 
metastasis. We are currently working on such protocols with Dr C. 
W. Pinson and our own liver transplant team. Obviously, infusion 
catheters should not be placed surgically, a fact that would compli- 
cate, if not preclude, a subsequent transplant. I should like to ask the 
authors about their patient selection. I should also like to ask if there 
are plans for a national protocol like the one we use in cooperative 
cancer study groups and which, I believe will be necessary to define 
the role of liver transplantation for cancer. 

THEODORE X. CONNELL, MD, Los Angeles, Calif: Do you think 
it is fair to compare'the survival of patients with HCC who undergo 
transplantation with that of those who are untreated? Obviously, 
untreated patients Kad different type and extent of disease (perhaps 
metastatic) and asseciatad illnesses, while those patients who under- 
go liver transplantation are the very best of patients. Also, most of 
the patients with HCC are not going untreated, but are being treated 
_ by multiple means: including chemoembolization, regional chemo- 
therapy, ete. 

The authors strongly recommend adjuvant chemotherapy and che- 
moembolization in the patients with HCC, but unfortunately, they 
offered no data in the paper to support this conclusion. Would the 
authors want us te embolize the newly transplanted liver? What 
organ would be chemoembolized in that situation? 

Since we know that chemotherapy’s ineffectiveness in treating 
HCC is why there is the great need for regional chemotherapy and 
transplantation, way do the authors think that adjuvant systemic 
chemotherapy would afford protection? 

ALFRED A. DELORIMIER, MD, San Francisco, Calif: Three chil- 
dren were listed as having hemangioendothelioma. Maybe it is a 
matter of semantics, but hemangioendothelioma is a benign lesion 
and the natural course of this tumor is to involute. Could we have a 
little more detail about those three patients? 

DONALD L. MORTON, MD, Los Angeles: Some of the newer con- 
cepts of metastases coming from the basic laboratory may rationalize 
some of these extraordinary surgical procedures for the treatment of 
diseases that metastasize from the primary site to the liver or other 
organs. 

The “favorite soi” hypothesis of cancer metastases first proposed 
100 years ago by æsurgeon, Sir Stephen Paget, now has a rational 
explanation. Paget:observed that certain neoplasms seemed to seed 
to eertain organ sites (such as sarcomas to the lung) and grow where 
the “soil” was favorable. The explanation for single organ metastases 
from a particular tumor was not understood until recently, when it 
was found that certain organs have adhesion receptors in their vascu- 
lar endothelium and produce growth factors that are able to support 
the adhesion and growth of certain types of metastatic neoplasms. 
That is, a particular malignancy will need a growth factor from the 
liver or from the lang, so that if one then removes that organ and 
replaces it with a new organ and there are no other clones of cells at 
other body sites, one may, in fact, achieve long-term survival, as we 
have seen here. The rature of these growth factors and adhesion 
molecules is being intensively studied. This research begins to 
explain how a patient with malignancy can be given systemic immu- 
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nosuppression adequate to prevent the rejection of a foreign tissue 
transplant, yet not have that patients own malignancy go out of 
control. This approach may be successful in situations in which there 
are clones of metastatic cells that are only able to grow in the one 
transplanted organ. 

Infusion chemotherapy and chemoembolization are very toxic to 
the intima of the arteries, and I wonder how such preoperative 
treatment might complicate the vascular anastomosis needed for 
transplantation. 

CLAUDE H. ORGAN, JR, MD, Oakland, Calif: Could you explain the 
rationale for the retroportal lymphatic excision for foregut malignan- 
cies? Is this a group of patients in which total lymphoid irradiation <. 
should be considered preoperatively? How do you propose in your. 
unit to stratify the use of donor livers where there is a scarcity of 
them? If you have multiple recipients in a unit, where would you place: 
this group of malignancies in your priority listing? 

JAMES E. GOODNIGHT, JR, MD, Sacramento, Calif: The percent- 
age of long-term survivors in the HCC group is essentially the same 
as for patients resected by conventional means; so with this very 
aggressive approach, you have selected out an additional group that, 
will go on to long-term survival. The question is, how to select a 
favorable group for this approach. In particular, what is the role of 
cirrhosis, the level of o-fetoprotein, tumor size, and perhaps DNA. 
flow cytometry? 

Of those 78% of patients with HCC who died of tumor recurrence, 
where did that tumor occur? Was it in the liver or elsewhere? 

DR BUSUTTIL: The concept of offering liver transplantation to 
patients with unresectable hepatic malignancy is in principle to offer 
it to only a select group of patients. In some cases of HCC, one can 
achieve comparable long-term survival with other modalities such as 
regional chemotherapy or regional chemoembolization. In many of 
our patients, such modalities were tried and failed. We did not offer 
some patients with HCC these types of regional therapy because of: 
coexisting end-stage liver disease that was present in two thirds of 
the patients. Thus, patients who were selected for liver transplanta- 
tion were those in whom no other conventional therapy would be 
suitable. 

At a recent conference sponsored by the National Institutes of 
Health in which the various indications for liver transplantation were 
further analyzed, it was recommended that a protocol be organized 
within the next year. 

How can systemic therapy be effective in an adjuvant setting if it 
was ineffective in the treatment of HCC? Systemic chemotherapy 
with the present therapeutic agents is ineffectual with the best 
survival of 6 to 9 months. However, the use of systemic chemothera- 
py as an adjunct to removing the entire tumor with orthotopic trans- 
plantation may have a tumorocidal effect on those cells that are 
disseminated during the liver transplant, and perhaps decrease the 
high incidence of recurrence that we see. We have a protocol for 
continuous infusion of 5-fluorouracil and administration of doxorubi- 
cin and cisplatin in conjunction with liver transplantation for patients 
with hepatocellular malignancy. We have studied three patients but 
the follow-up is too short to make any definitive conclusions. 

The Baylor group” administered doxorubicin to a group of patients 
with HCC preoperatively, intraoperatively, and for a short time 
postoperatively. None of the 15 patients had lymph nodes that tested 
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_ - positive, and with a short follow-up, there has been no evidence of 
recurrence. These results, which appear promising, may be due to 
the fact that none of the patients had cancerous lymph nodes, a fact 
that has been shown by other groups to be an extremely important 
determinant of recurrence after liver transplantation for HCC. 

-< Children with hemangioendothelioma have a different neoplasm 
than HCC and have a much different natural history. In both adult 
and pediatric patients with bilobar tumors, these can be very aggres- 

_ > Sive, and this was the case in all three of our patients who had severely 
symptomatic disease. In the one child with hemangicendothelioma, 
othe tumor was so large that it caused respiratory embarrassment 

requiring intubation due to the tumor mass. Previous attempts at 

surgery, radiation, and administration of steroids were unsuccessful, 

and thus the only option was transplantation. The patient underwent 

‘liver replacement and is now doing well at approximately 5 years, 
without evidence of recurrence. 

Dr Morton has provided us with some information regarding 

- growth factors that may be hepatic-based and that may favor meta- 

static dissemination of tumors. I do not have any further information 

_ begarding that issue, although we do know that when transplantation 

is indeed performed for metabolic-hepatic-based defects, the recipi- 

_ ent takes on the phenotype of the donor, and these defects are no 
_ longer present. It would be obviously speculative to think that this 

_ might apply to tumor growth factors. In regard to how regional 

_ chemotherapy or regional embolization will alter the technical feasi- 

_ bility of subsequent liver transplantation, I believe that I can simply 
_ say that it might make the operation more difficult, but would in no 

_ Way preclude it. There have been significant technical advances in 
_| liver transplantation whereby patients are no longer excluded be- 
_ cause of thrombosis of the hepatic artery or the portal vein. If either 
| of these are found, dissection is carried proximally to a suitable site of 
inflow. Ifthe hepatic artery is thrombosed, the site of inflow would be 
_ the celiac axis or the supraceliac aorta, and if the portal vein is 
__ thrombosed, an iliac vein graft would be used and direct flow from the 
_ Superior mesenteric vein to the donor portal vein would be used. 
It is very difficult to do an en bloc resection of portal vein lympha- 
_ ties with OLT. This can be accomplished by a foregut resection. The 

' derivatives of the embryologic foregut include the liver, pancreas, 

tomach, duodenum, proximal jejunum, and transverse and ascend- 

ing colon. For those lesions that arise in the portahepatis, a foregut 
resection is the only way that one can clear this area of lymphatic 
tissue and obtain adequate margins. To maintain circulation, the 

atient is placed on venous-venous bypass. The entire organ cluster is 

_ replaced, or more recently, only the liver is replaced. 

Dr Goodnight, liver transplantation is merely an extension of 
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hepatic resection for these tumors. Conventional hepatic resection is 
the first madality of treatment for patients who have HCC. However, 
many of these patients are not suitable for resection including as 
much as 88% of the liver. Either the entire liver is involved or the 
remaining hepatic parenchyma is so compromised that. the patients 
would die of liver failure following the resection. I believe that any 
advances tat are made in long-term cure with.conventional hepatic 
resection cauld be applied to liver transplantation. 

In summary, liver transplantation should be considered for pa- 
tients withunresectable hepatic malignancies in patients who have no 
evidence of extrahepatic disease. Every case needs to be individual- 
ized to obtain the best possible results. 


invited Commentary 


Liver transplantation has proven efficacious in the treat- 
ment of nany disorders, with survival probabilities exceeding 
90% in some patients. However, its role in the treatment of 
malignancies remains controversial. This study by Olthoff et al 
from UCLA is important because it presents a 6-year experi- 
ence from one of the busier transplant centers in the United 
States. As a bonus, it also presents a thorough review of the 
world literature on the subject. What the authors do not do 
(perhaps because it remains impossible) is settle the contro- 
versy. With the increased success of liver transplantation has 
come increased demand, but without a concomitant boost in 
the supply of donor organs. With such perspective, this study 
should s:gnal the end of liver transplantation for treatment of 
tumors cutside carefully planned protocols. The authors’ expe- 
rience ard that of others they review provides enough anec- 
dotal daca to warrant a cautious approach. We know, for 
instance that not all tumors are alike; some recur with dis- 
heartening regularity, others almost never. We must also 
recognize that historically, the surgical treatment of certain 
malignarcies has rarely, if ever, failed from lack of surgical 
temerity The lessons of experience must combine with an 
acute awareness of social reponsibility to temper the tempta- 
tion to engage in the spectacular. The pioneer in all of us can 
seek solace in the hope that a solution to the shortage of donor 
organs lies in our future. 


BYERS W. SHAW, JR, MD 
Omaha, Neb 
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Comprehensive Management of Acute 


Necrotizing Pancreatitis 


and Pancreatic Abscess 


Russel! Stanten, MD, Charles F. Frey, MD 


è Achieving reduced mortality rates in patients with necrotiz- 
ing pancreatitis and pancreatic abscess is possible by employ- 
ing a comprehensive management plan. Components of the plan 
include (1) rapid evaluation and assessment of the degree of 
physialogic and anatomic derangement, the latter by the prompt 
use of vascular enhanced computed tomographic scan; (2) ade- 


oe quate fluid resuscitation determined by early institution of ad- 


vanced hemodynamic monitoring; (3) attempts to identify and 
ee document. ‘septic foci via computed tomography—guided percu- 
~ taneous ‘aspiration; and (4) aggressive surgical débridement. 
Closeadherence to these policies allowed us to keep mortality in 
‘this seriously ill group of patients to 14%. Most deaths occurred 
in patients who were referred to this service late in the course of 
their disease. The Acute Physiology and Chronic Health Enquiry 
(APACHE) Il severity of illness index applied at the time of admis- 
sion proved an accurate predictor of mortality. A score of 25 or 
greater was highly predictive of death, and a lesser score, of 
survival. 
{Arch Surg. 1990;125:1269-1275) 


rends in the management of acute necrotizing pancreati- 
tis continue to evolve as progress is made in the evalua- 


tion and treatment of this disease. Diagnostic workup of 
K patients with severe pancreatitis now routinely involves the 


. use cf computed tomographic (CT)* scanning, usually with 
contrast enhancement. Furthermore, simultaneous percuta- 
neous aspiration of suspicious fluid collections under CT guid- 
ance has made early identification of septic foci possible and 
thereby allowed surgical drainage to proceed earlier. Im- 
provements in our ability to assess the severity of an episode 
of acute necrotizing pancreatitis have been developed, initial- 
ly with the eriteria of Ranson et al’ (and later those of Blamey 
et al‘ and Corfield et al’), and more recently, by application of 
the. Acute Physielogy and Chronic Health Enquiry 
(APACHE) II seoring system." This physiologic-based sever- 
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ity index appears to be a valid method in predicting the 
outcome of an attack of acute necrotizing pancreatitis. Last, 
advances in the therapy of this disease, including aggressive . 
fluid resuscitation, hemodynamic monitoring, ventilatory 
support, and total parenteral nutrition (TPN), augmented by 
operative strategies such as frequent débridement, peritone- 
al lavage, and open packing techniques’ have been proposed 
and increasingly employed. 

The application of these current diagnostic and therapeutic 
modalities in the management of acute necrotizing pancreati- 
tis have allowed some institutions to achieve survival rates as. 
high as 85%.°” The purpose of this report is to chronicle the 
senior author's experience with severe acute pancreatitis, 
and to analyze these results with regard to the severity of 
illness defined by the initial physiologic derangement. i 


MATERIALS AND METHODS 


There were 50 patients admitted to the Gastrointestinal Surgery 
Service at the University of California (UC) Davis Medical Center, 
Sacramento, between 1982 and 1989 requiring operation for compli- 
cations of acute pancreatitis. All patients presented with either ster- 
ile or infected pancreatic and/or peripancreatic necrosis or walled-off 
infected pancreatic fluid collections that we refer to as pancreatic 
abscess. In truth, a spectrum of the pathologic process was seen 
involving the combination of necrosis and fluid collection, which at 
one end of the spectrum was essentially necrosis without fluid, while 
at the other extreme was fluid without necrosis. We attempted to. 
categorize these patients on the basis. of the predominant. feature 
because we believe that there is a difference in prognosis on this basis. 
Demographic data were collected, including the age and sex of each: 
patient, as well as the origin of the pancreatitis. Days of hospitaliza- 
tion, days of intensive care unit (ICU) treatment, days on mechanical 
ventilation, and days requiring TPN were recorded. 

Extensive radiologic evaluation was undertaken initially andit: 
serial fashion, including ultrasound study and CT scanning. All pre- 
operative CT scans were reviewed by radiologists who were unaware 
of patient course or outcome, and were graded on a scale of 0 te 4 for: 
both intrapancreatic (IP) and extrapancreatic (EP) findings, listed as 
follows. For IP, 0 indicates normal; 1, enlargement without necrosis; 
2, up to 25% necrosis; 3, 25% to 50% necrosis; and 4, greater than 50% 
necrosis. For EP, 0 indicates no peripancreatic fluid or inflammation; 
1, peripancreatic extension within pericapsular space; 2, inflamma- 
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tory extension toa single space beyond the capsule; 3, extension to 

-two or more spaces above the level of the kidneys; and 4, retroperito- 

neal extension below the level of the kidneys. 

Patients admitted to the ICU were aggressively resuscitated with 
fluids, and had the appropriate level of hemodynamic monitoring 
: instituted as early as possible. Mechanical ventilation was instituted 
‘in patients with progressive hypoxemia or tachypnea. 

-. Indications for surgery were the following: (1) documentation of 
infection by culture or Gram’s stain after percutaneous aspiration in 
pancreatic necrosis or fluid collections; (2) clinical deterioration with 
strong suspicion of sepsis; and (3) failure to improve after prolonged 

_ course of medical management. 

Charts were reviewed for these 50 patients and data were collected 
to allow determination of Ranson score, APACHE II score, fluid 
balance, and System Outcome Score (SOS). The Ranson, APACHE 

foo TT, and SOS scores were calculated via previously described meth- 

ods." 











RESULTS 


The etiology of the pancreatitis was alcohol in 17 patients, 
biliary in 14, endoscopic retrograde cholangiopancreato- 
| graphy (ERCP) in five, trauma in four, hyperlipidemia in 
_ four, congenital in two, structural in two, and idiopathic or 
< unknown in four. Two thirds were men, and the average age 
was 49.5 years with a range of 20 to 88 years. 

Thirty-one patients (62%) were initially hospitalized else- 
_ where and then transferred to UC Davis Medical Center. 
Onset of symptoms to operation averaged 10 days (range, 1 to 
` < 90) for those hospitalized primarily at UC Davis Medical 
_ Center and 28 days (range, 1 to 180) for those transferred to 

< UC Davis Medical Center. 

There were seven deaths in this group of 50 patients, for a 
mortality rate of 14% (Table 1). Four of these patients had 
infected pancreatic necrosis and died after protracted courses 
of multiorgan system failure and sepsis. The remaining three 
patients had fulminant pancreatitis, two with sterile, pre- 
dominantly peripancreatic necrosis and fat sequestra, while 
the third had infected pancreatic necrosis. These patients 
died after short hospitalizations from intractable hemody- 
namic and respiratory failure. Of the 43 surviving patients, 31 
had infected pancreatic necrosis, nine had pancreatic abscess- 
_ es, and three had sterile pancreatic and peripancreatic 

necrosis. 

Complicated clinical courses were the rule in this group of 
patients. The average length of hospitalization for all patients 
was 59 days, and approximately half of that time was spent in 

the ICU. Patients required TPN for an average of 43 days, as 
__ well as mechanical ventilation for an average of 23 days. 
< -> Radiologic evaluation played an important role in the man- 
_. agement of these problems. The average patient underwent 























Table 1.—Clinical Data* 


Days 
From Onset Organ 
of Symptoms Systems 
to Admission Failing at for First 24 h 
at UCD Admission  Surgeryt at UCD 


3 1 5 
4.5 


Positive 
indication Fluid Balance 














o 
3 
4 
3 
3 





2 
3 
3 
3 
3 
2 3 


*UCD indicates University of California, Davis. N 
+1 represents positive percutaneous aspirate; 2, acute abdomen; 3, clinical 
deterioration, strong suspicion of sepsis. 
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3.3 CT seans during his hospitalization, with some patient: 
requiring as many as 10, Preoperative CT scans from ou: 
institution were available on 33 patients, and the majority o 
these were performed with the technique of dynamic vascula 
enhancernent. The average IP score was 2.53, while the aver. 
age EP score was 2.25. The distribution of scores can be seer 
in Fig 1. Thirty-one of the patients underwent CT-guided 
percutaneous aspiration of pancreatic necrosis or fluid collec- 
tion for diagnosis or treatment as part of their management. 

The nwnber of operations required per patient during hos- 
pitalizatien ranged from one to 18, with the average being 2.8. 
Twelve o: the 50 patients with extensive infected pancreatic 
and peripancreatic necrosis were treated surgically with a 
combination of open packing and continuous catheter irriga- 
tion. These patients averaged 7.1 trips to the operating room 
for surgical procedures and nine of the 12 survived. Of those 
patients raanaged by closed drainage methods, 42% required 
reoperatien for complications or persistent sepsis. In addi- 
tion, the tatal necrosectomy specimen was quantitated in 24 of 
these patents, and averaged 227 g, with a range of 30 to 
2000 g of total necrosectomy. 


Fig 1.—Corputed tomographic scores for intrapancreatic (IP) (n= 32; 
average scere, 2.53) and extrapancreatic (EP) (n= 32: average score, 
2.26) findings. 
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The preoperative ard postoperative complications are de- 
lineated below: 


Complications No. of Patients 
Prolonged ileus 41 
Adult respiratory distress syndrome 26 
Renal failure 15 
‘Cardiac failure or arrhythmia 11 
Enteric fistula 10 
Pancreatic fistulas 10 
Hepatic failure 1 


Persistent ileus and the requirement for TPN was the most 
common complication. Over 80% of patients required TPN, 
and the patients in this group averaged over 50 days of TPN 
therapy. Pulmonary; renal, and cardiac failure were the next 
most common complications noted. Enteric fistulas were en- 
countered in 10 patients. Six patients had colonic fistulas, two 
had duodenal fistulas, one had a gastric fistula, and one had 
both colonic and duodenal fistulas. Of the three enteric fistu- 
las in patients treated by open packing, two were present at 
the initial operative procedure prior to operative manipula- 
tion. In contrast, the seven patients treated by closed surgical 
drainage all developed enteric fistulas after their initial oper- 
ation. A single patient with an enteric fistula died in this 
series. Finally, splenectomy was performed in six patients 
during the hospital course. 

Pancreatic fistulas developed in 10 patients, with all cases 
resulting from external drainage of pancreatic necrosis at the 
time of surgery. This complication can be expected when the 
area of necrosis involves the head or midportion of the gland, 
while a viable, juice-secreting tail remains. The long-term 
treatment of this problem requires interval ERCP to evalu- 
ate the remaining ductal anatomy and abdominal CT scanning 
following cessation of fistulous output to search for pseudo- 
cyst development. In this series, pancreatic fistulas closed in 


o three patients during an average of 11 months, persisted to 
the present in three patients over an average of 8 months, and 
-= were ultimately treated surgically in four patients. In this 


latter group, three patients underwent internal drainage of 
pancreatic pseudceysts, while the fourth was operated on for 
persistent fistula. 

As previously mentioned, infection of pancreatic necrosis 
and fluid collections was frequently seen. Infection was 
present at the initial operation in 45 patients (90%) of this 
group and absent in 5 (10%); 22 (50%) were polymicrobial 
infections. Aerobic gram-negative rods (in 19 cases) and en- 
terococci (in 15 cases) were the most common infecting organ- 
isms encountered. The other organisms noted were as fol- 
¿o lows: Staphylocoecus, 18; anaerobic, 7; and fungal, 6. The 
following gram negative rods were found: Escherichia coli, 6; 
Klebsiella, 6; Enterobacter, 5, Pseudomonas, 6; Serratia, 2; 

Citrobacter, 2; and Proteus, 1. 
- Survival. was examined according to the predominant 
pathologie process. Nine patients had pancreatic abscess and 
all survived. Sterile pancreatic and peripancreatic necrosis 
was seen in five patients, three of whom survived, while 
infected pancreatic and peripancreatic necrosis was present 
in 36 patients, 31 (86%) of whom survived. 

Analysis of appropriate laboratory and physiologic vari- 
ables allowed determination of the Ranson, APACHE II, and 
SOS scores, as well as the initial 24-hour fluid balance. The 
means and ranges of these values are listed in Table 2. The 
distribution of APACHE II scores is seen in Fig 2. The 
average APACHE II score for the entire group was 17.5, 


_ with the score for survivors being 14.9, while the score for 
 nonsurvivors was 33.6. The range of scores for survivors was 
© 4 to 27, while for norsurvivors it was 25 to 43. Of the eight 


patients with a score greater than or equal to 25, seven died, 
while all patients with a score less than 25 survived. 
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Table 2.— Summary of Severity of Illness Variables* 


Survivors 





APACHE ii 
Mean 14.9 


Range 4-27 








3.4 








Fiuid balance 
Mean 


Range 


*APACHE indicates Acute Physiology and Chronic Health Enquiry; SOS, 
System Outcome Score. 





No. of Patients 


10-14 


APACHE li Score 


Fig 2.—-Acute Physiology and Chronic Health Enquiry (APACHE) Il 
distribution (n= 45; average score, 17.5; range, 4 to 43). 


COMMENT 


The evaluation and treatment of acute necrotizing panere- ` 
atitis continues to be a vexing problem for physicians caring . 
for patients with this disease. The initial pancreatic insult, the 
release and activation of proteolytic enzymes, the stimulation 
of systemic mediators of inflammation, and in most cases the 
addition of bacteriologic invasion combine to form a potential- ` 
ly lethal disease process. Nevertheless, it is possible to 
achieve high survival rates with this entity by employing a 
stepwise, multidisciplinary approach that coordinates an am- — 
bitious policy of evaluation and supportive care with timely — 
and persistent surgical intervention. 

The patients in this series underwent aggressive radiologie 
evaluation, including multiple CT scans to delineate the ex- 
tent of the pancreatitis, the presence of necrosis, and the size 
and location of fluid collections. Previous reports have docu- 
mented the utility of the dynamic vascular-enhanced CT scan - 
in detecting the presence of pancreatic necrosis, *” and corre- 
lations between the extent of glandular necrosis and the risk 
of subsequent infection have been noted.” We have employed 
this technique in the evaluation of our patients, and found itto 
accurately parallel the degree of necrosis found at operation. 
We have also been able to sample these areas of necrosis and- 
fluid collections by percutaneous aspiration at the time of 
scanning with significant improvement in the ability to objec- 
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__ tively identify patients with infection. This has proven to be 
an invaluable aid in directing the timeliness of surgical thera- 


- py. Furthermore, the anatomic assessment of pancreatic and 


peripancreatic necrosis provided by the CT scan with vascu- 
lar enhancement appears to be predictive of the development 
of fistulas, pseudocysts, and endocrine or exocrine insuffi- 
=; ciency. Fistulas and pseudocysts can be anticipated when 
necrosis of the body of the gland is noted in the presence of a 
viable tail. In this setting, the pancreatic tail continues to 
secrete pancreatic juice without a conduit to transport it to 
the duodenum. If contained, this will eventually form a pseu- 


. docyst, while if surgically drained externally, a fistula will 


usually develop. 

The principles of supportive care must be rigorously ad- 
hered to for these patients to survive. Adequate fluid resusci- 
tation and institution of appropriate hemodynamic monitor- 
ing are crucial. We have used predominantly crystalloid 


- solution for resuscitation, and we attempt to maximize cardi- 


ac output and oxygen consumption as determined by serial 


_ Swan-Ganz measurement, since this has been shown to corre- 
_ late with improved outcomes. Some patients required as 


- much as 18 L of fluid over the initial 24-hour period to maintain 
` adequate cardiac outputs and filling pressures. In our experi- 


~ ence, the amount of time a patient spends in uncorrected 


: _ hypovolemic shock correlates well with the resultant multior- 
gan system failure and even death. Six of the seven patients 


-who died in this series presented to our surgical service only 


after prolonged delays in the recognition of the severity of 


ne -their illness and in the adequacy of their resuscitation, rang- 
ing from 5 to 30 days (Table 1). These patients all manifested 
:: terminal multiorgan system failure at admission to our ser- 


vice that failed to respond to medical or surgical management. 
_ We are in the process of examining other resuscitative regi- 
mens to approach preillness hemodynamic values as early and 
< as closely as possible. The frequency with which adult respira- 
_ tory distress syndrome was seen in our series also mandates 
early institution of mechanical ventilation when indicated, as 
well as the frequently prolonged need for this modality. 

: The failure of medical therapies to appreciably alter the 


course of necrotizing pancreatitis has left surgical drainage 


: and débridement as the mainstay of therapy for this 
disease.” The treatment of acute necrotizing pancreatitis 


and its complications, however, is marked by a dichotomy of 


_» surgical approaches. Recent reports range from emphasizing 
_ aggressive early surgical débridement with ongoing postop- 
|. erative lavage,” to extolling the merits of prolonged support- 
_ ive care and delay of laparotomy until the development of a 
_-ehronic mature pseudocyst.” The main indications for sur- 
gery in this group of patients were previously described. 


: Patients with pancreatic abscess and those with moderate 


~ -amounts of pancreatic and peripancreatic necrosis were treat- 
ed by débridement and irrigation, with placement of large 

`: Silastic catheters for postoperative drainage and occasionally 
for ongoing lavage. In spite of what was believed to be ade- 
quate surgical drainage, over 40% required reoperation for 


_ further complications. Figures as high as 66% have been 


reported in other series.” 

Patients with massive amounts of pancreatic and peripan- 
- -creatie necrosis were treated with open packing and continu- 
ous postoperative lavage. During the 7 years of this study, 


_. our management of patients with acute necrotizing pancreati- 


=- tis has evolved to include the following indications for open 
packing: (1) greater than 100-g neerosectomy of pancreatic 
and peripancreatic tissue at the initial operation; (2) poor 
„delineation of viable from nonviable tissue, with CT evidence 
of at least 50% pancreatic necrosis; or (3) extensive peripan- 
_.-ereatic necrosis involving either the regions anterior, posteri- 
or, or superior to the body and tail of the gland, extending 
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below the mesocolon, extending retroperitoneally to the pel- 
vis, or involving the colon or duodenum. Most patients had an 
IP or EP score of 4. The open packing method with lavage 
requires frequent repeated operation every 2 to 3 days, but 
allows constant access to the region of necrosis for débride- 
ment of this tissue as well as its proteolytic enzyme content. 
We were even able to adequately perform dialysis on a patient 
in compkte anuric renal failure with this method. This group 
of 12 patients averaged over seven trips to the operating 
room, and 75% of the patients survived. 

Enteric and pancreatic fistulas were encountered with 
moderate regularity in this series, yet did not appear to 
significantly affect survival. A single patient with enteric 
fistulas died, while no patient with a pancreatic fistula sue- 
cumbed. Other investigators have reported mortality rates as 
high as 25% associated with these entities.” Clearly, early 
recognition and adequate drainage of enteric or pancreatic 
fistulas is a basic tenet of surgical therapy in necrotizing 
pancreatitis. 

The overall mortality for this select group of patients with 
severe aeute pancreatitis was 14%, with subgroups ranging 
from 0% in pancreatic abscess to 40% for sterile pancreatic 
necrosis. Clearly, the presence of necrosis was associated 
with a higher mortality than abscess (17% vs 0%). The need 
for operation in the absence of infection also implied a more 
serious pathophysiologic process and in the two fatal cases, 
was attributed in part to inadequate fluid resuscitation at the 
referring hospital. 

Similar data from other recently reported series*”*" are 
included in Table 3, demonstrating mortality rates ranging 
from 9% to 38%, with a cumulative average of 23% for a 
combined total of 582 patients. The success of our treatment 
regimen, however, can only be meaningfully interpreted in 
the context of the severity of illness of the patient cohort. 
While demographic data regarding the length of patient hos- 
pitalization, number of operations per patient, and days spent 
in the ICU are helpful, the main contribution to prognostic 
determination in this disease entity was made by Ranson et al 
in 1975.” Their criteria have proved accurate in predicting the 
severity of an episode of acute pancreatitis, and to a lesser 
degree, the risk of mortality. The limitations of these criteria, 
however, are that 48 hours of data collection are required 
prior to the calculation of prognosis, the degree of physiologic 
derangement and baseline health status may not be accurate- 
ly identified, and the ability to identify patients with pancre- 
atic complications may be limited. Indeed, one recent report 
stressed that only 28% of patients with pancreatic abscesses 
were identified as having severe pancreatitis by the criteria of 
Ranson et al.° 

APACHE II is a classification system developed to corre- 
late the severity of the physiologic derangement on admission 
to the ICU with the subsequent risk of death during a given 
hospitalization.* This system employs routine physiologic 
measurements over a 24-hour period in combination with 
prior health status, and has been validated in almost 6000 ICU 
admissions from multiple institutions. Advantages of the 
APACHE II system in acute pancreatitis have recently been 
detailed, and include the provision of an accurate, reproduc- 
ible prognostic index that not only allows identification of 
patients m need of more aggressive forms of monitoring and 
therapy, but also allows internal quality assurance monitor- 
ing and irterinstitution comparison of treatment results. The 
purpose ef severity of illness indices are as follows: triage 
patients, allocation of scarce resources, evaluation of quality 
of patient-care, interhospital comparison, assessment of alter- 
native therapies, and prediction of mortality. 

We have applied the APACHE II scoring system to our 
patients and found the results to be highly predictive. Forty- 
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Table 3.—Rasults in Pancreatic Abscess 


No. of 


Source, y Patients Severity Mortality, % 





= Martie et al, 1984 62 24 24 
‘Warshaw and Jin,* 1985 45 = 24 
Crass:et al,“ 1985 21 











Pemberton et al,” 1986 81 
Polk, 1986 
Fink et al, 1988 
Beger et al,'* 1986 
Garcia-Sabrido et al, 1888 
Larvie and McMahon,” 1989 
Bradiay,* 1990 
*Parsonal communication. 

















five of the 50 patients in our series were admitted to the ICU, 
most at the time of admission, thereby allowing early deter- 
minatien of their APACHE II scores, All patients who died in 
this series had an APACHE II score greater than 25. Of the 43 
patients who survived, only one had a score greater than 25. 
Therefore, using a score of 25 or greater to predict mortality, 
all seven deaths would have been accurately predicted and a 
single survivor would have been inaccurately predicted to 
die. Sirnilarly, all patients with a score less than 25 would have 
been accurately predicted to survive. Although attempts 
were made to use the anatomic score as determined by preop- 
erative CT scanning, to predict severity we have been unable 
to improve the accuracy of prediction of APACHE I alone. 
Further review of the literature demonstrates increasing 
< application of the APACHE II scoring system to intra-ab- 
-dominal conditions. Levison and Zeigler” described 91 pa- 
tients with intra-abdominal sepsis in whom an overall mortal- 
ity of 29% was noted. When the APACHE II scores were 
analyzed, those patients with scores less than 15 were found 
to have a 1.7% mortality rate, and those with scores greater 
than 15 were noted to have a 78% mortality rate. In this 
manner, a more rational analysis comparing percutaneous 
aspiration with surgical drainage could be performed. Simi- 
larly, Bohnen et al” prospectively studied 100 patients with 





intra-abdominal sepsis in whom a mortality of 31% was noted. © 
The overall APACHE II score was 13.72; the average score of = 
those who died was 18.9, while the survivors averaged 11.4. A 
greater percentage of patients with generalized peritonitis 
died than of those with localized abscesses; however, the 
mean APACHE II scores for both survivors and deaths in the 
former group were greater. 

With regard to acute pancreatitis, the APACHE II scoring 
system has only recently been applied. Garcia-Sabrido et al” 
noted an average APACHE II score of 26.7 for 49 patients 
with necrotizing pancreatitis, with a mortality rate of 27%. 
Demmy et al” also employed the APACHE II index to their 
patients with acute pancreatitis and found a 33% mortality 
rate for patients with a score of 16 to 20. No survivors hada 
score higher than 20. Last, Larvin and MeMahon” recently 
reported their experience with APACHE II in the assess- 
ment of acute pancreatitis. They discovered that an 
APACHE II score greater than 9 at 24 and 48 hours was © 
highly predictive of a severe case of acute pancreatitis and | 
was superior to other severity indexes in this regard. More- 
over, the mortality rate was noted to rise from 30% to 100% 
with an increase in score from 15 to 20. No patient with a score 
greater than 20 survived. 

The number of patients in our series is too small to draw 
definite conclusions. Nonetheless, we have found the applica- 
tion of the APACHE II scoring system to accurately predict 
mortality in our patients. Although previous attempts have 
been made to correlate biochemical or anatomic changes with 
prognosis, it appears that the pathophysiologic changes re- 
flected in the APACHE II scoring index are more highly — 
predictive of the risk of mortality. The APACHE II system . 
can also be used for quality assurance purposes by allowing _ 
careful review of those patients predicted to survive who did 
not. Last, by applying this system as a uniform index.of 
severity, meaningful evaluation of alternative therapies and 
comparison of interinstitutional results can be undertaken. 
Further use of this system as a means of evaluating the — 
quality of patient care, in assessing alternative therapies, and ` 
allowing interinstitutional comparison appears warranted. 

Application of the APACHE II severity of illness index to 
this group of patients at the time of admission to the ICU 
proved highly accurate in prediction of overall mortality. In « 
our study, a score of 25 or greater was highly predictive of 
death, while a score less than 25 was universally associated 
with survival, 
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Discussion 


THOMAS V, BERNE, MD, Los Angeles, Calif: Two questions re- 
hens controversial: when to operate and what operation should be 

one. 

According to Bradley, dynamic pancreatography appears to be 
good at identifying necrosis of the pancreas. However, it does not 
identify specific patients who have pancreatic bed sepsis. Conse- 
quently, we do not do routine dynamic pancreatography. For us, the 
most helpful study has been fine-needle aspiration of CT-identified 
peripancreatic fluid. 

In a recent report from the Los Angeles County/University of 
Southern California Medical Center, fine-needle aspiration was de- 
termined to be safe and quite reliable. There were no clinically 
significant complications. When needle aspiration identified organ- 
isms by Gram’s stain or culture, pancreatic bed infection always 
existed. When no organisms were found, only 4% of the patients were 
later found to be infected. Our strategy relies heavily on a positive 
needle aspiration as an indication for operative drainage. The authors 
also operated predominantly on infected cases, but 15% were not 
infected at the time of the first operation. Some patients should be 
operated on for fulminant pancreatitis in the absence of infection. 
Additionally, the fine-needle aspiration will occasionally yield false- 
negative results. Therefore, the patient who continues to deteriorate 
despite ICU support should go to the operating room for removal of 
the necrotic tissue, provision of free drainage, and irrigation even if 
pancreatic bed sepsis is unproven. 

Also controversial is what operative procedure to perform. For 
most cases, we prefer a synchronous anterior celiotomy and posterior 
(12th rib) drainage of the pancreatic bed instead of open packing. This 
provides free dependent drainage without the necessity of large sump 
drains. Packing may be valuable in cases of extensive necrosis or 
when excessive bleeding is encountered at the first operation, but it 
dooms the patient to a large open wound and multiple dressing 
changes, 

Under what circumstances do the authors employ the open packing 
technique? A unique aspect of this report is the application of the 
APACHE II scoring to this group of patients. This scoring system 
appears to have important advantages over other prognostic indexes, 
but we need verification on larger numbers of patients. There are a 
few difficulties in applying APACHE II scoring to these cases. One is 
that such scoring has usually been applied to patients on entry to an 
ICU, When would the authors suggest that the APACHE II scoring 
be done in patients with serious pancreatitis? 

JERROLD K. LONGERGEAM, MD, Loma Linda, Calif: At Loma 


Linda over the past 20 years, we have operated on 34 patients with 
~ acute necrotizing pancreatitis, classified in three groups. The first 
. group of eight patients had wide débridement of necrotic tissue and 


_ either closed sump or anterior open drainage. The second group of 16 
-patients were treated by near total pancreatectomy. The most recent 


co group of 10 patients had extensive debridement and posterior depen- 


dent open drainage via the bed of the resected 11th rib. The first 
group had a high incidence of recurrent sepsis requiring reexplora- 
tion, further débridement, and redrainage, averaging 1.5 relaparoto- 
mies per case, with a mortality rate of 25%. 

The second group with near total pancreatectomy had sacrifice of 
normal pancreatic tissue and a very high incidence of diabetes in 
surviving patients. The operative mortality rate was 50%. 

The last group was treated as recommended by Dr Berne. The 
necessity for reoperation for débridement and drainage has de- 
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creased tə an average of 0.5 reoperations per case and the mortalit; 
rate has cecreased to 10%. 

We have come to the conclusion that débridement and posterior 
dependert open drainage via the bed of the resected 11th rib is the 
treatmen: of choice for this serious problem. 

M. MICHAEL SHABOT, MD, Los Angeles: With regard tc 
APACHE II scoring, my only caveat would come from Knaus anc 
coworkers," the developers of that standard, who would argue that 
APACHE-based outcome statistics are best analyzed within specific 
disease categories. As such, it may not be valid to compare the 
authors’ results for surgical necrotizing pancreatitis with those ol 
previous studies for acute pancreatitis per se. It is more important 
that they nave helped establish new standards for APACHE scoring 
in necrotizing pancreatitis. 

The authors’ aggressive approach has yielded no mortality in pa- 
tients wita APACHE II scores less than 25. Only a small minority of 
patients with scores over 20 are admitted to ICUs, and their mortal- 
ity rates range from 30% to 80%. As such, the authors have presented 
new and very high severity-adjusted standards for the treatment of 
patients with surgical necrotizing pancreatitis. 

L. WILLIAM TRAVERSO, MD, Seattle, Wash: In Seattle, we use 
endoscopi: retrograde pancreatography liberally in all patients who 
are not deing well with their pancreatitis. Endoscopic retrograde 
cholangiopancreatography combined with endoscopic pancreatic 
stent and percutaneous placement of a drainage catheter has given us 
an endoscepic and percutaneous view of these cases of pancreatitis. In 
the majority of cases there is a pancreatic duct blow-out usually at the 
genu of the pancreatic duct. This results in a peripancreatic fluid 
collection. The fluid collection becomes infected and the patient gets 
peripancreatic necrosis. 

The important distinguishing factor in the semantics that we all 
wrestle with in this disease is that there may be a parenchymal 
necrosis aad then peripancreatic necrosis. Of our last 65 patients, 
those who have a pancreatic duct blow-out and peripancreatic fluid 
collection associated with sepsis and peripancreatic necrosis will do 
well with endoscopic placement, transduodenally, of a pancreatic 
duct stent combined with a percutaneous drain. These procedures, 
combined with TPN and somatostatin, allow these patients to close 
the blow-oat and to avoid surgery, especially if their origins are either 
idiopathic sr iatrogenic. 

Of patieats whose disease has an alcoholic or biliary origin, half can 
avoid surgery, but the remainder need additional surgical fistula 
management or débridement. 

Have yeu seen this pancreatic blow-out, and if so, would you 
consider tae more liberal use of pancreatic duct stenting? I would 
stress that there is no role for percutaneous or endoscopie methods 
when there is parenchymal necrosis, and drainage of such abscesses 
through catheters is unwarranted. However, interruption of ongoing 
peripancreatic necrosis by early use of these new methods may 
prevent the need for surgical débridement. 

RUSSELL A. WILLIAMS, MD, Torrance, Calif: Four years ago, 
Nordestgaard et al’ presented a plan for management of pancreatitis 
using CT sean, 

Patients. are graded A, B, or C wherein, if the process extends 
beyond the pancreas on CT, it is a grade C. Grade C patients are 
treated in the ICU with the expectation that complications will 
develop in. 30% of this group. They receive antibiotics, and are 
scanned at weekly intervals, if they are not progressing well clinical- 
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ly, to detect signs of infection on the CT. 
The finding of a phiegmon on CT scan is not an indication for 
operation, Operation on a phlegmon is counterproductive and will 


_-gurely result in infected pancreatitis. There were a number of pa- 
_. tients in the authors’ study who had operation and then the pancreatic 
"inflammation subsequently became infected. 
‘The physical signs of pancreatitis infection and pancreatitis are so 
similar that the CT scan with needle aspiration helps to make the 
< distinetion. A fluid collection of less than 7 cm in diameter seen on CT 
sean can be anticipated to resolve, provided there is no infection. 
Neerotic material alone on CT scan is not an indication for operation, 
but this is highly likely to become infected especially if an operation is 
done, leaving drains in place or from the TPN intravenous lines or 
necrosis ef adjacent bowel such as the duodenum or transverse colon. 
How aecurate are the techniques that the authors use to identify 
necrosis, particularly the CT scan enhancement? Three of four of 
their criteria for operating were clinical. Would they ever consider 
simply basing their need for operation on the results of these en- 
hanced CT studies? 
-HAILE'T. DEBAS, MD, San Francisco, Calif: There is a dichotomy 
-in approach that exists in tne management of necrotizing pancreatitis 


on both sides of the Atlantic Ocean. The French and German surgeons 


are very aggressive in operating on patients in whom the contrast- 
enhanced CT scan shows necrosis. 

Surgeons on this side of the Atlantic, however, have not so readily 
accepted that approach. Indeed, the discussions by Drs Berne and 
Williams suggest that this is the standard that we are now employing. 
I would lixe to ask the authors specifically whether severe necrotizing 
pancreatitis in the absence of sepsis is an indication for surgery. 

ROBERT ©. Lim, JR, MD, San Francisco: Regarding CT with 
-yaseular enhancement, is this done with a single bolus intravenous 

injection or is it done using selective mesenteric arterial injection 
along with CT scanning? Were these findings used by the authors in 
their scoring? 

Dr FREY: Dr Berne, sepsis and infection are indications for opera- 
tive intervention. Computed tomographic sean-guided aspiration for 
Gram’s stain and culture is helpful in the early identification of 


ioe infection. 


< Wedo not advocate operating on patients in whom the CT scan with 
intravenous bolus vascular enhancement shows necrosis. Some pa- 

"tients may never become infected. It is better to wait as long as 
possible before intervening, that is, 3, 4, or 5 weeks or more, as long 
as the pasient remains uninfected. The delay allows the body to wall 
off the nesrotic process so that the differentiation between viable and 
nonviable tissue is more apparent at operation. However, those 


patients with necrosis who deteriorate hemodynamically or develop 
multiple organ failure should be operated on even if there is no 


evidence of infection. This group represents a small percentage of 


those with pancreatic necrosis and the complications occur early in 
the course of pancreatitis. The mortality is higher the earlier the 
surgeon has to intervene after the onset of symptoms. 

We do not advocate open drainage on all patients. Most of these 
necrotizing processes have both a solid and a liquid component, the- 
distribution of which varies from patient to patient. We recommend 
open drainage in patients having a high percentage of neerotic pati 
creatic and peripancreatic tissue, and when the distribution between 
viable and nonviable tissue is poorly defined. We débride all necrotic 
tissue we can find at the initial débridement, but find more necrotic 
tissue at subsequent débridements. We perform the first three to 
four open packings in the operating room and subsequent procedures 
in the ICU at the bedside. oe 

I support Dr Berne’s recommendation about adding a flank incision 
oneither side if needed, in addition to our standard bilateralsubcostal 
incision. This is very helpful in getting at the retroperitoneal necro- 


sis, which can extend beneath the colon bilaterally. We do not remove. 
the 12th rib. We make a separate, relatively small 6- to 9-cm incision. 


inthe flank that allows us to access the necrotic debris posterior to the: 
pancreas and colon. 

Dr Traverso, we have been interested in ERCP. in necrotizing 
pancreatitis. Dr Gebhardt” in Nuremburg, West Germany, has re- 
ported an extensive experience with ERCP in acute pancreatitis, If 
there is necrosis of the body of the pancreas, and the tail is viable, 
there is no place for the pancreatic secretions from the tail to reach the 
duodenum, and a fistula or pseudocyst results. eee 

I have not had experience with the stent techniques in dealing with 
peripancreatic fluid collections. I do not know how the stent would 
help when 300 or 400 g of necrotic tissue has to be débrided. 

Dr Williams, the CT scan with bolus intravenous vaseular enhance- 
ment is very accurate in detecting pancreatic necrosis, but the deci- 
sion to remove pancreatic tissue is made at the time of operation. 

Dr Debas, I do not think there is a great dichotomy at the present 
time between what is being done in Europe and the United States ` 
with regard to operative indications in necrotizing pancreatitis. Dr 
Beger in Ulm, West Germany, who has led the way in improving our 
understanding of necrotizing pancreatitis, initially had very liberal 
operative indications for operating on necrosis, but his operative 
criteria now are very similar to ours. He operates for infected necro- 
sis, and among patients with uninfected necrosis, only on those who > 
are deteriorating hemodynamically or are developing multiple organ ` 
failure. 
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Surgical Anatomy Question 


Q The midgut begins at the pylorus and ends at the midportion of the transverse colon. [True or 
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Comprehensive Management 


| of Renal Failure in Infants 


i.e From 1986 through 1989, 23 infants (18 of whom were <30 
_ days old) required peritoneal dialysis within their first 6 months 
of life. Modifications to conventional peritoneal dialysis included 
modified Silastic Tenckhoff catheters, peel-away sheaths for 
- percutaneous insertion, automated peritoneal dialysis “cy- 
_clers,” and generous omentectomy. With these modifications, 
_ there were no bowel perforations, and the infants were success- 
__ fully dialyzed for prolonged periods. Eight of the 23 infants devel- 
“oped end-stage renal failure and were prepared for transplanta- 
‘tion. All had gastrostomy tubes placed to supplement oral 
nutrition. Living, related transplantation was performed when the 
_ child weighed 10 kg. Four of the eight completed this protocol. 
`. One child with congenital nephrotic syndrome died before trans- 
_ plantation. One transplant was complicated by a technical prob- 
. lem (venous thrombosis), which resulted in allograft loss and 
_ return to peritoneal dialysis. Kidney function, growth, and devel- 
"opment in the survivors were excellent. 
oo (Arch Surg. 1990;125:1276-1281) 












oo \huccessful long-term treatment of the newborn or infant 
with renal failure requires a comprehensive combined 
_ surgical and medical approach. Technologie advances in the 

treatment of individuals with renal failure have allowed many 
children to survive who previously would have died. As our 
expertise has improved in treating younger children, we 
sought to extend these technologies to younger infants and 
even to newborns. In the past, newborns and infants who 
were born with or developed acute renal failure often died 
because of our inability to dialyze them effectively. In addi- 
_ tion, newborns and infants with chronic renal failure were not 
_ deemed candidates for long-term dialysis therapy because of 
_ their poor long-term outcome in addition to limited 
technology. 

_. Chronic renal failure in infants is associated with severe 

neurologic and growth retardation. Rotundo et al’ retrospec- 
tively analyzed 23 patients with renal failure in the Ist year of 
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life whe were not dialyzed and found that 87% ultimately 
developed profound neurologic abnormalities evidenced by 
developmental delay, hypotonia, seizures, and dyskinesia as 
well as inadequate statural growth. In a similar report, 
McGraw and Haka-Ikse’ studied 12 patients with chronic 
renal failure from infancy who had undergone early dialysis 
and traasplantation. Eighty percent of these patients subse- 
quently functioned in the subnormal range, and 50% were 
clearly retarded.’ It is extremely difficult to achieve catch-up 
growth in the infant with chronic renal failure despite careful 
attention to renal osteodystrophy and the use of adequate 
energy intake. The most severe growth retardation and loss 
of growth potential occur in infants with chronic renal failure, 
and most of this growth failure occurs in the first few months 
of life. 

Recognizing the disabling effects of chronic renal failure on 
the growing infant, we sought to develop an approach that 
would allow us to treat neonates with chronic renal failure 
better. We used techniques to dialyze the smallest infants 
aggressively, maximize their nutrition, and correct metabolic 
abnormalities, thereby enabling them to survive and grow, 
followec by early transplantation. Our long-term goal was to 
avoid the severe neurologic and growth retardation charac- 
teristically seen in children with chronic renal failure. 


PATIENTS AND METHODS 
Patient Population 


During the 3-year period between July 1986 and J uly 1989, twenty- 
three infants required institution of dialysis within their first 6 
months cf life. Of these, 18 required dialysis within the first 30 days of 
life. The cause of the renal failure was most often secondary to 
hypoxia/hypotension associated with birth asphyxia or to corrective 
cardiac surgery for a potentially lethal congenital heart defect. These 
children had oliguria/anuria and were severely acidotic. They fre- 
quently experienced fluid overload and required the institution of 
dialysis to normalize their fluid balance and correct their electrolyte 
abnormaiities. Five children began undergoing dialysis between 2 
and 6 menths of age. The cause of the chronic renal failure in these 
children was severe bilateral renal dysplasia in two, congenital oxalo- 
sis with multisystem oxalate deposits and severe oxalouria in one, 
renal failure after an arterial switch procedure for transposition of the 
great vessels in one, and severe nephrotic syndrome with marked 
proteinuria and acidosis in one; This last child began dialysis at 6 
months of age subsequent to bilateral nephrectomies. 
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Fig 1.~Double-disk Oreopoulcs catheter made of Silastic with multi- 
ple holes between the disks. The disks tend to keep the intestine from 
occluding the catheter. 


Technical Modifications 


The institution of successful peritoneal dialysis required modifica- 
tions in the catheters usec as well as the dialysis machinery. 

Peritoneal Catheters. —The initial approach was to use a percuta- 
neously placed peritoneal catheter. First, a 5-F feeding tube was 
passed into the bladder to ensure bladder decompression. A small 
midline incision was made through the subcutaneous tissue, which 
had been infiltrated with 0.5% lidocaine. An 18-gauge needle was 
inserted, and the abdominal cavity was filled with 150 mL of saline. 
With the Seldinger technique, a guide wire was placed, followed by a 
dilater with a peel-away sheath. A modified 10-F infant Tenkhoff 
catheter (Davol Inc, Cranston, RI) was then inserted and the sheath 
removed. The catheter was sutured in place and dialysis begun. An 
11-F introducer and pee!-away sheath was used in some children. 
Presuming the need for long-term peritoneal dialysis, we tunneled 
the catheter beneath the skin to leave the cuff in the subcutaneous 
tissue. Not infrequently, these catheters stopped functioning and 
required replacement. In those children in whom renal failure was 
resolving and who required only a limited course of dialysis, these 
catheters were removed over a guide wire and replaced by means of 
the previously placed tract. The most frequent cause of malfunction 
was omental occlusion of the eatheter’s multiple holes. Children 
requiring long-term peritoneal dialysis underwent operative place- 
ment of the catheter and omentectomy. 

The modified infant Tenkhoff catheter was the initial catheter most 
frequently used by our group. Several modified catheters were devel- 
oped for infants whose catheters repeatedly occluded. We found the 
double-cisk Oreopoulos catheter (Accurate Surgical Instruments, 
Toronto, Ontario) to be useful (Fig 1). At operation, a small incision 
was made below the umbilicus, in the midline, and the catheter was 
placed. The two disks are designed to keep the small intestine away 
from the catheter to prevent obstruction of the multiple orifices in the 
catheter. The catheter wes tunneled below the rectus muscle, exiting 
onthe lateral abdominal wall. The Dacron cuff was placed beneath the 


EF ‘rectus muscle extraperizoneally. We also used straight catheters, 


pigtail eatheters, and showerhead catheters (Quinton Instrument 
=: Co, Seattle, Wash) (Figs 2 and 3). 
-< e Omentectomy.— Children with chronic renal failure who required 

‘operative placement of a peritoneal dialysis catheter underwent a 
generous omentectomy at the time of catheter replacement. The 
omentum in these neonates and infants is thin and flimsy. Despite its 
size, it can effectively oczlude all types of catheters that are placed. 
We removed as much cmentum as possible through the midline 
incision before placement of the eatheter. 

Gastrostomy Tube.—Nutrition is extremely important in these 
tiny infents with chronic renal failure. To provide continuous access 
to the gastrointestinal tract, both for nutrients and for oral medica- 
tion, we placed a standard Stamm gastrostomy tube through a small 
left rectus muscle splitting incision at the time of insertion of the 
peritoneal dialysis catheter. A No. 16 Malecot gastrostomy tube was 

-placed into the stomach and secured with two purse-string sutures. 
_| ‘The anterior wall of the stomach was sutured to the anterior abdomi- 
"nal wall and the catheter was brought out through the incision. There 


wa. generally no contarnination of the peritoneal cavity when the 


‘tube wes placed. Postoperative peritoneal dialysis was modified by 
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Fig 2.—Curled catheter can be placed percutaneously via a trocar. 
After placement, the catheter curis under the abdominal wall and is 
designed to prevent the intestine from wrapping around the catheter 
and occluding the holes. 


Fig 3.—Showerhead catheter is placed directly beneath the anterior 
abdominal wall; its showerhead design is constructed to prevent 
occlusion by intestine or omentum. 


using smaller inflow volumes for 4 days postoperatively to allow for 
sealing around the catheter. At 2 months the Malecot tube was 
changed, in an office procedure, to a No. 18 Silastic gastrostomy 
button. 

Automated Peritoneal Dialysis Cycler. — After placement of the 
peritoneal catheter, the infants were immediately dialyzed by means 
of a manual method of instilling fluid and draining the peritoneal 
cavity. Inflow volumes began at 20 mL/kg and were gradually in- 
creased to 50 mL/kg as tolerated. Standard peritoneal dialysis solu- 
tion (Baxter-Travenol PD, Baxter-Travenol Co, Chicago, Tl) was 
used, with potassium being added as needed. In most eases 100 U/L of 
heparin was also added to the dialysate. Dwell times (varying from.10 
minutes to 2 hours) and dextrose concentrations (1.5% to 4.25%) were 
adjusted to provide optimal solute clearance and fluid balance. 

When long-term dialysis became necessary, the infants were dia- 
lyzed with a cycler (Baxter-Travenol Pac-X, Baxter-Travenol Co). 
This automated cycler allows the sterile delivery of multiple infusions 
during the night while the infant sleeps. Inflow volumes, dwell times, 
drain times, and total number of cycles are preset at the initiation of 
dialysis. Beginning in 1988, we trained the parents and support 
personnel to operate the cycler and perform dialysis at home. Infants 
could then be allowed to experience their normal home environment 
while receiving dialysis at night as they and their parents slept. 

Renal Transplantation. —Eight of the 23 infants had irreversible 
end-stage renal disease and were prepared for transplantation. Liv- 
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o Fig 4.—A hockey-stick incision is made be- 





- Sected and the peritoneum is swept medially 
_ to expose the distal aorta and its branches 
sand the inferior vena cava and its branches. 





ginning at the midline and curving up toward 
the costal margin. The rectus muscle is tran- 


-ing, related renal transplantation was performed as soon as the child 


: : -weighed 10 kg (approximately 18 months of age). The approach was 
-< extraperitoneal through a generous hockey-stick incision that tran- 


sected the rectus muscle (Fig 4). We generally prefer to use the right 


: .. side of the abdomen because it allows better exposure to the inferior 
__-vena-cava, The vascular anastomoses were performed in an end-to- 


side fashion to the common iliac vessels or to the inferior vena cava 


(Fig 5) We used 5-0 polypropylene as a continuous suture for the 
: venous anastomosis and 6 or 7-0 polypropylene for the arterial anasto- 
-= mosis. The sutures for the arterial anastomosis were placed in an 
-interrupted horizontal mattress fashion. The appropriate site on the 

-vessel was chosen before the venotomy or arteriotomy by placing the 


cooled kidney in the flank and determining the most natural position 


for the kidney.. The venous anastomosis was performed first. All 
ureteral anastomoses were nonrefluxing. We generally used an un- 
stented extravesical approach either of the Barry type or the Lich 


_ Gregoir (Fig 6).* Both of these approaches are extravesical and have a 
-» mucosalbto-mucosal ureteral-bladder anastomosis and a submucosal 
© tunnel to prevent reflux (Fig 7). The bladder was drained with an 
appropriately sized urethral catheter. 
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Fig 6.—An extravesical mucosal-mucosal 
anastomosis of the ureter to the bladder com- 
pletes the transplant operation. The ureteral- 
vesical anastomosis is nonrefluxing. 





Fig 5.—An end-side venous anastemosis is performed into the recipients common iliac vein or 
inferior vena cava. The renal artery is anastomosed to the common iliac artery in an end-side 
fashion with the use of interrupted horizontal mattress sutures. 





Fig 7.—Completed repair with a large adult 
kidney fitting snugly in the right iliac fossa in 
an extraperitoneal position. 


RESULTS 

Peritoneal dialysis was successful all 23 infants. None of the 
infants suffered any bowel or intestinal complications as a 
result ofthe percutaneous placement of the catheter. In 15 of 
the 23 infants, the renal failure was acute and resolved within 
2 weeks of the institution of dialysis. Five of these infants had 
more than one catheter placed, but none required general 
anesthesia for the placement. of the catheter, and none of 
these children had either an omentectomy or gastrostomy 
tube plaeed. i 

Eight of the 23 infants had, or developed, end-stage renal 
disease. All eventually required operative placement of a 
peritoneal dialysis catheter, and all had an omentectomy and a 
gastrostemy tube placed. Only one of these children required 
replacement of the peritoneal catheter due to malfunction 
during this 3-year period. The routine use of a generous 
omentectomy combined with a variety of catheter modifica- 
tions significantly decreased the incidence of catheter mal- 
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function. We extended these modifications to our older pa- 
tients. Several children developed peritonitis (defined as a 
white blood cell count of >500 white blood cells per milliliter of 
fluid or >200 polymorphonuclear cells per milliliter) while 

-undergoing home peritoneal dialysis. The infection rate for 
peritoneal dialysis in these children was one episode per 12.2 
moriths. After initiation of home cycler therapy, our infection 
rate dropped to one episode per 15.6 months. All were treated 
with the instillation of appropriate antibiotics into the dialy- 
sate solution, and all but one infection resolved. 

Four of the eight children underwent living, related renal 
transplantation. The youngest patient to undergo transplan- 
tation was 10 months eld; this patient was diagnosed as having 
oxalosis and weighed 8 kg at the time of transplantation. The 
other three were 18 months of age and weighed almost 10 kg. 
One child is currently undergoing evaluation for living, relat- 
ed transplantation. Two children have no living, related do- 
nors and have been placed on the cadaver transplant list. One 
child died before transplantation. She had congenital ne- 
phrotie syndrome with massive ascites secondary to her pro- 
found hypoproteinemia. Despite total parenteral nutrition 
and vigorous enteral nutrition through her gastrostomy tube, 
we were unable to raise her serum albumin level above 
3 g/L. Bilateral nephrectomy was performed in an attempt to 
diminish her proteinuria, and she began peritoneal dialysis. 
She developed fungal peritonitis as a result of an intraperito- 
neal leakage from around her gastrostomy site. This was com- 
plicated by massive venous thrombosis, and the patient died. 

There was one technical complication in the child whose 
renal failure was secondary to inadvertent ligation of his 
distal thoracic aorta at the time of cardiac surgery to close his 
patent ductus arteriosus. This child had been undergoing 
peritoneal dialysis fer 14 months and weighed 10 kg at the 
time of surgery. The child received a large kidney from his 
father. The vascular anastomoses were performed in the 
standard fashion with the use of the common iliac vein and 

“artery. The child became hypotensive when the vascular 
clamps were removed despite maximal fluid replacement. 
Despite adequate flow in the renal artery and vein, as shown 
by an electromagnetic flow probe, the kidney remained soft 
and did not make urine intraoperatively. An initial postopera- 
tive renal scan showed perfusion but delayed uptake in the 
kidney and no exeretion. A subsequent renal scan, 8 hours 
later, showed no flow, and the patient was returned to the 
operating room. Both the renal artery and vein anastomoses 
were widely patent, but there was extensive thrombus in the 
renal vein. The kidney was reanastomosed to the distal aorta 
and the inferior vena cava and the renal capsule was incised. 
The kidney, however, never functioned and had to be re- 

“moved. The presumed cause was renal vein thrombosis, The 
patient returned to peritoneal dialysis and is on the cadaver 
allograft list. 

The three other living, related allografts functioned 
promptly, with rapid normalization of the serum urea nitro- 
gen and creatinine levels. The child with oxalosis subsequent- 
ly died of other causes. The two remaining children did ex- 
tremely well. Both had their peritoneal catheters removed 1 
month postoperatively. We continued to use their gastros- 
tomy tubes for supplemental nutrition and as a route for 
medication. One year after transplantation, the gastrostomy 
tubes were removed. One child required surgical closure of a 
persistently draining gastrostomy site, and in the other the 
gastrostomy site clesed spontaneously. Both of these children 
are functioning normally, growing, and achieving near-nor- 

~ ‘mal growth and developmental milestones. 

The immunosuppressive regimen in both children included 

three drugs (prednisone, azathioprine, and cyclosporine) im- 

mediately after transplantation, and to date there have been 
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no rejection episodes. Predisone was begun at 3.0 mg/kg and 

rapidly tapered. By 6 months they were both receiving 
0.25 mg/kg and have continued to receive this dose. Azathio- 
prine was started at 3.0 mg/kg and has been decreased to 
2.0 mg/kg. Cyclosporine was started at 15 mg/kg and tapered 
on the basis of trough cyclosporine levels. At 6 months the _ 
patients were receiving 4.0 mg/kg, with a whole-blood cyclo- 


sporine level ranging between 50 and 100 mg/dL. We have _— 


tried to keep the cyclosporine level below 100 mg/dL. Both 
children function well in preschool environments. 


COMMENT 


The comprehensive treatment of renal failure is a more 
hazardous undertaking in children than in adults. This is 
particularly true when one is faced with a neonate or infant. 
with renal failure. Whereas the techniques for dialysis and 
transplantation have become more standardized in the adult. 
and even in the child, the neonate presents unique challenges 
that require a variety of modifications in the dialysis therapy 
and renal transplantation. In this study we showed that, 
through adaptation of dialysis catheters and improvements in 
mechanized dialysis cycling, even the smallest neonate can be 
dialyzed safely. The primary indication for renal transplanta- 
tion in the infant and young child is the prevention of growth — 
retardation and the achievement of normal neurologic devel- 


opment. Although our numbers are small, the success of _ 
functioning transplanted kidneys and the normalization of _ 


growth and neurologic development in our group prompts us _ 
to continue with this approach. 

Eighteen neonates began undergoing peritoneal dialysis 
within the first 30 days of life. Fifteen of these neonates were ` 
treated with peritoneal dialysis until their renal function _ 
returned. None of these children showed any untoward effect < 
of early dialysis. The management of their electrolyte abnor- ` 
malities and fluid overload was simplified by the judicious use 
of peritoneal dialysis to correct their electrolyte levels and 


remove excess fluid. There were no intestinal complications: 


related to the percutaneous placement of the peritoneal cath- ` 
eter, and no patient developed peritonitis. a 

The infant with chronic renal failure is significantly more | 
affected. Unlike the child, who shows a linear progression — 
from mild to moderate to chronic renal failure, these infants 
generally have either bilateral congenital dysplasia or have 
suffered a catastrophic event that has significantly inter- 
rupted the blood flow to the kidneys and led to cortical necro- 
sis. The challenge in these infants is to maintain fluid, electro- 
lyte, and mineral homeostasis, correct the uremia, prevent — 
renal osteodystrophy, provide adequate energy intake to 
achieve growth, and develop techniques for successful trans- 
plantation in these infants. These infants were previously. - 
thought to be at highest risk for permanent developmental 
and statural retardation as the result of uremia occurring — 
during a critical developmental stage.*” This study, as well as: 
others, has shown that successful transplantation can obviate 
the previously predicted poor outcome.” 

The overall plan for the child with renal failure must weigh 
the potential benefits of early transplantation against the- 
benefits of delayed transplantation and prolonged dialysis. — 
Factors involved in this determination include the safety of... 
the operative procedure and the risks of administering immi- 
nosuppressive drugs, the chance of obtaining a successful: 
result, and the reversibility of neurologic and skeletal damage .__ 
that may have been sustained by the developing child-in the — 
pretransplant uremic environment. Individuals who develop 
chronic renal failure as children usually do not achieve an 
adult height consistent with their genetice potential.’ Al- ~ 
though some of these individuals may attain a final height 
within the normal range for the population at large, their 


Renal Failure in infants—Tapperetal 1279 








height is usually subnormal when compared with heights of 
individuals with a similar genetic makeup.” 

The important variable affecting growth appears to be the 
-age at onset of chronic renal failure; the poorest growth and 
the greatest loss of growth potential occur in infants with 
~ chronic renal failure, and most of this growth failure occurs in 
the first few months of life.” Unfortunately, the stunted 
growth of these infants, and many older children with chronic 


renal failure, is often present at the time of diagnosis. Al- 


though appropriate treatment of these children during mid- 
childhood and predialysis years is associated with steady and 
fairly normal growth, catch-up growth is rarely observed. In 
_ recent years there has been improvement in the mean growth 
velocity of children undergoing long-term hemodialysis ther- 
apy, but the height SD scores of these children remain signifi- 
cantly below normal.” Children treated with long-term peri- 
toneal dialysis also exhibited subnormal height SD scores in 


; most but not all studies. Although it may not be surprising 
_ >that children undergoing dialysis rarely exhibit catch-up 
growth, it has been shown that catch-up growth was rarely 


_ . observed in children who received a renal transplant.’ Our 
_. findings disagree with this contention. We, like others, have 
_. shown that catch-up growth is possible after renal transplan- 

_. tation if(1) the patients underwent transplantation at an early 


age, (2) they were given a low daily maintenance prednisone 


dose (<0.25 mg/kg), and (8) they had a normal creatine clear- 
ance (>1.50 mL/s per 1.73 m’).*” 
~~ To attempt early transplantation in the infant, the neonate 
_ must be successfully dialyzed and provided with an appropri- 
< ate amount of energy intake to grow. We have found that a 
generous omentectomy at the time of placement of a long- 
term peritoneal dialysis catheter has decreased the need for 
frequent replacement of a nonfunctioning catheter. The 
placement of a gastrostomy tube has afforded us reliable 
access to the gastrointestinal tract and allowed us to provide 
‘appropriate energy intake. Complete nutritional supplemen- 
‘tation can be provided with readily available formulas, which 
can be drip fed at night if necessary. Excess fluid can be 
removed by increasing the concentration of the dialysate. The 
‘automated peritoneal dialysis cycler has allowed us to teach 
‘parents to perform home peritoneal dialysis. 
-= Certain modifications in the transplant operation need to be 
_- Made so that the infant can accept an adult kidney. We have 
_ found that appropriate exposure of the recipient vessels can 
_. be achieved through a generous hockey-stick incision by tran- 
_ seeting the rectus musculature. One of our patients (who 
_ weighed 10 kg) received a kidney from his father, who 
weighed 125 kg. This fit snugly in the right iliac fossa and right 
- flank, and the vascular anastomoses could be performed with- 
. -out difficulty. We have used the common iliac vein or the 
_ inferior vena cava, depending on the size of the donor vein and 
=the recipient vessel for the venous anastomosis. For the 
arterial anastomosis, the common iliac artery is satisfactory, 
obviating the need to cross-clamp the distal aorta. We believe 
_ . that an interrupted arterial anastomosis with the use of hori- 
zontal mattress sutures provides for the best approximation 
_ and allows for subsequent growth. None of the recipients had 
_- been heparinized. It is important for the anesthesiologist to 
- Taise the recipients intravascular volume significantly. We 
- -have tended to increase the central pressure to greater than 
14mm Hg so as to prevent hypotension when the vascular 
clamps are removed. The ureteral anastomosis should be 


nonrefluxing. We use the unstented extravesical approach, as 
this diminishes the amount of bladder bleeding and clot forma- 
tion. Clets can easily occlude the small urethral catheters 
required to drain the bladder, and the extravesical approach 
minimizes hematuria. All patients undergo postoperative re- 
nal scanaing and renal ultrasound. The increment between 
the appearance of isotope in the distal aorta and the kidney 
can be used as an indicator of renal perfusion. Subsequent 
scanning and ultrasound are performed as necessary to guide 
rejection therapy. 

We believe that a living, related transplant in these infants 
has contzibuted to the success in achieving normal growth 
rates. Tke incidence of rejection episodes with a living, re- 
lated transplant is less, and therefore the total amount of 
steroids used is also significantly lower. The use of cyclospor- 
ine as pact of the immunosuppression regimen has also been 
important. Knight et al” showed that catch-up growth is more 
prevalent in children treated with cyclosporine alone as op- 
posed to those treated with prednisone and azathioprine. 
Whether this phenomenon is related to the steroid-sparing 
effect of zyclosporine or another mechanism remains to be 
determin2d. We believe that the multimodal immunosuppres- 
sion regimen has sharply decreased the number of rejection 
episodes and that the infants are more likely to have a more 
normal creatine clearance, which is important for growth. In 
addition, multimodal therapy allows for more rapid tapering 
of the prednisone. 

The infant with congenital nephrotic syndrome presents an 
intriguing dilemma. These children characteristically have 
profound >roteinuria with normal serum creatinine levels and 
poor growth. We urge pediatric nephrologists to consider 
transplan-ation earlier in these children. Catch-up growth is 
difficult te achieve in the child with severe proteinuria of long 
duration. A successful living, related transplant will afford a 
better opportunity to achieve near-normal growth. Our pa- 
tient with congenital nephrotic syndrome died of overwhelm- 
ing peritonitis before transplantation. We were never able to 
maintain < normal serum albumin level, and she had massive 
ascites. Im retrospect, an earlier nephrectomy might have 
prevented her severe wasting and allowed growth to an ac- 
ceptable veight for transplantation. 

The recent availability of recombinant human growth hor- 
mone may be an additional tool to help achieve normal 
growth. Recent trials have shown that children with chronic 
renal failure receiving 0.125 mg of growth hormone subcuta- 
neously three times a week for 9 months have experienced full 
catch-up growth.“ Their growth velocity was above normal 
during the 9-month observation period.“ No evidence of anti- 
human grewth hormone antibody development or insulin re- 
sistance was detected. The use of recombinant human growth 
hormone during dialysis and after transplantation needs to be 
studied. 

We believe that the prognosis for children affected with 
renal insufficiency since infancy, a substantial portion of the 
population of children with renal failure,’ is not unusually 
bleak. Such patients have the potential for normal growth. 
Renal transplantation is an option that should be presented to 
parents wizh affected children as a reasonable treatment with 
the possibiity of an acceptable result. 

We wish to chank the Quinton Instrument Co for providing photographs for 
publication in zhis article, as well as Betty Krueger for her expert assistance in 
preparing theznanuscript. 
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Discussion 


ALFRED A. DELORIMIER, MD, San Francisco, Calif: My com- 
ments reflect the experience of Dr Oscar Salvatierra with more than 
40 renal’transplants when renal failure developed in infants younger 
than6 months. Infants and children undergoing dialysis do not grow; 
they have significant mental retardation, and peritoneal dialysis is 
the onlypractical method of controlling uremia. Most children under- 
going peritoneal dialysis for more than 2 years die. Currently, our 
‘nephrolegists use nasogestric tube feedings, where a variety of for- 
mulas have been tried, but P.M. 60/40 has seemed to work the best. 

Infan:s are also prone to develop recurring peritonitis associated 
with peritoneal dialysis. Can the authors tell us if the episodes of 
peritonitis they encountered actually involved the eight patients 
undergoing long-term dialysis, and therefore the incidence ap- 
proached 40%? In my experience there is at least one episode every 6 
months‘in the infant age group, and 100% of the infants had at least 
one episode by 1 year of age. Recurrent peritonitis is a significant 
morbid problem, which rot only contributes to the nutritional deficit 
but. produces progressive adhesions and diminished absorbing sur- 
face of the peritoneum, causes intestinal obstruction, and becomes a 
significant technical problem at the time of renal transplantation to 
gain access to the retroperitoneum. Further, the immunosuppressive 
treatment after transplantation may result in septic complications 
from residual peritoneal contamination. 

Our transplantation team strives to proceed with renal transplan- 
tation as soon as plateauing in length occurs or when peritonitis 


“develops. In the very small infants, a living, related donor becomes a 





-problem of providing sufficient room, and our transplant service 

strives to provide a cadaver kidney from a child. 

` When peritonitis cannot be controlled, the peritoneal catheter has 
to be removed and a double-lumen atrial catheter is required for 
hemodialysis until the peritonitis resolves. This requires 1 U of blood 
to prime the hemodialysis machine each time that dialysis is carried 
out, and this exposure to the many blood donors will adversely affect 
the survival of the cadaver transplants. The graft survival for cadav- 
er renal transplants in infants in the University of California, San 
Francisco, experience is better than 80% over a 2-year period. After 
transplantation, there is a striking change in the growth, well-being, 
and development and a reduction in hospitalization for these patients. 
How da the authors maintain a low rate of peritonitis in the infants, 
and dothey plan to use children’s smaller cadaver kidneys when they 
have problems in achieving a weight gain to the 10-kg total? 

-» MARSHALL Z. SCHWARTZ, MD, Sacramento, Calif: This series 
represents a large experience. Dialysis in infants presents several 
metabelic, nutritional, and technical problems. Nutritional supple- 
mentation is required in these infants; otherwise they will not grow. 
We have had good results with night feedings using a small feeding 
tube passed by the parents nasogastrically in contrast to a gastros- 
tomy tabe. 

The main technical problem that is encountered is leakage around 
the catheter. Infants under 6 months of age have a very thick abdomi- 
nal wail, which significently inereases the risk of leakage around the 
catheter. In the acute dialysis phase, cutaneous placement of the 
peritoneal dialysis catheter can work sufficiently even though there is 
a leak around it. For long-term dialysis, particularly at home, this is 
not satisfactory. For long-term dialysis we have placed the catheters 
in the operating room through a very small incision. We use a small 
coiled:zatheter designed by me and by the Quinton Co. I have not 
routinely performed an omentectomy because it requires a larger 

~ incision, which increases the chances for leakage. I have not found the 

omentiamto cause obstruction of the catheter in small children. I have 
chosen not to use some of the other catheters that the authors 

showed, auch as the disk or showerhead, because they require a 
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larger incision to place. This increases the chance of leakage and also 
requires a more major procedure to remove them or to replace them. 

I certainly support the suggestion to employ early transplantation. =- 
I have also found during the past 12 years that the retroperitoneal 
approach is the optimum choice for transplanting a large kidney ina 
small child. 

THOMAS V. BERNE, MD, Los Angeles, Calif: At the present time, =- 
in many distribution systems for kidneys, there is consideration foro- 
giving pediatric kidneys to pediatric patients, but beyond that, there 
is no special consideration for the problems of retarded growth ini: 
children who remain undergoing dialysis. This has been recently 
recognized by the United Network for Organ Sharing, which isa. 
national organ distribution network. Consequently, Dr Robert Ete 
tinger at UCLA is chairman of a United Network for Organ Sharing 
committee that is trying to put together a scheme by which children 
will be given preference in receiving cadaver kidneys, so that the. 
delays for children will not be so great and their mental and growth, 
retardation will be minimized. oe 

ERIC W. FONKALSRUD, MD, Los Angeles, Calif: Is it more impor- 
tant in the older patient than in the infant to keep the catheter in the 
pelvis between the bladder and the rectum? In older children, ifthe 
catheter is not dependent in its position, it does not seem to work well. 
consistently. When the tip is in the flank or upper part of the abdo- 
men, drainage is often suboptimal. a 

DR TAPPER: I agree with Dr deLorimier that the incidence of. 
peritonitis is higher in patients with end-stage renal disease than in’ 
patients with acute renal failure. We evaluated all the children we 
treated and noted that the biggest improvement followed our switch 
to the automated cycler; our incidence of peritonitis was one per 12.2. 
months, but when we went to the cycler, it decreased to one per 16.6. 
months, The smaller children who undergo long-term dialysis do have 
a higher incidence of peritonitis. S 

The use of cadaver kidneys is a difficult issue. The results at the 
pediatric centers that have done transplantation for long periods have. 
never been able to equal the outstanding results of Dr Salvatierra and 
his colleagues at University of California, San Francisco. In fact, with 
cadaver kidneys, kidney function in most of the pediatric centers was 
only about 30%. There were many rejection episodes, so that the e 
children received such a high cumulative dose of steroids that they did. = 
not grow. We felt that if the indication for transplantation were 
growth, we would drop the age at which we were going to perform. 
transplantation and use primarily a living, related graft. G 

Dr Schwartz, the modification of the curl or pigtail catheter was the s 
same modification that we applied to the Tenkhoff catheter. one 

Dr Berne, we are trying to get a variance through the United __ 
Network for Organ Sharing so that children on the cadaver lists will 
be screened first. The results with pediatric cadaver kidneys have _ 
been poor, and most transplant centers now refuse to accept kidneys 
from anyone less than 6 years of age. In the original study the cutoff 
was 2 years. In pediatric centers they are accepting donors younger 
than 6 years, and their results, despite combined immunosuppres 
sion, are not much better. The proposed United Network for Organ _ 
Sharing variance would allow children to be run through the United _ 
Network for Organ Sharing list once so that a small child may be __ 
matched first. 

Dr Fonkalsrud, catheters work better if they are in the pelvis. The _ 
problem with young children until the modifications in the eathete: 
was that it would curl and end up on top of the liver, and the dialysis 
rate was poor. One of the advantages of the curled catheter, the a 
showerhead, and these other modified catheters is that they are 
shorter. They tend to stay below the umbilicus and in the pelvis. : 
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: Extracorporeal Membrane Oxygenation in the 


Treatment of N eonatal Respiratory Failure 


Robert P. Foglia, MD; H. Scott Bjerke, MD; Robert E. Kelly, Jr, MD; J. Duncan Phillips, MD; Larry Barcliff, RRT; Erie W. Fonkalsrud, MD 


“. @ We report 18 consecutive neonates with severe respiratory 
failure due to pulmonary hypertension treated with extracorpore- 
al membrane oxygenation. Extracorporeal membrane oxyge- 
nation was begun at 52 + 36 hours of age with an arterial partial 
pressure of oxygen (Po,) of 36+14 mm Hg despite maximal 

_ pharmacologic and ventilator support (inspired fraction of oxy- 
-gen [Flo,], 0.99 + 0.03; respiratory rate, 98 + 31/min; and positive 
Inspiratory pressure, 54+ 11 cm of water). With initial flows of 
130+17 mL/kg per minute, ventilator settings were reduced to 
_ the following: Fio,, 0.30; respiratory rates, 15/min; and positive 
> Inspiratory pressure, 24 cm of water. Support using extracor- 
-< poreal membrane oxygenation was gradually reduced to 22% of 
_ Initial flows and arterial blood samples showed pH 7.48 + .05, Po, 
> Of 106 + 27 mm Hg, and Pco, of 36 + 5 mm Hg just prior to decan- 
` nulation, After 107+ 45 hours, extracorporeal membrane oxy- 
_ genation was stopped and infants were extubated 61 + 53 hours 


_. (median, 46 hours) afterward. There was one death (94.4% surviv- 


` alrate); all survivors were discharged and underwenta follow-up 
-examination at 1 to 27 months of age. Complications included 
-two Intracranial hemorrhages (one death and one asymptomat- 
de) one patent ductus arteriosis requiring ligation on extracor- 


_ poreal membrane oxygenation, and chronic lung disease in one 


_ patient. in selected neonates, extracorporeal membrane oxygen- 
_- ation allows for resolution of pulmonary hypertension, results in 
improved survival, and is associated with a low incidence of 
chronic lung disease. Extracorporeal membrane oxygenation 
one be considered in the treatment of severe respiratory 
failure. 

-= (Arch Surg. 1990;125:1286-1292) 


i Serre neonatal respiratory failure (RF) and associated 
| pulmonary hypertension (PHN) has a mortality rate as 
_ high as 80%, despite the use of maximal ventilator and phar- 
_ -macological support.” If the infant survives, there isa signifi- 
cant chance of the child developing bronchopulmonary dys- 
plasia (BPD) because of treatment with high ventilator 
_ pressure and oxygen concentrations. Over the past several 
_ years, extracorporeal membrane oxygenation (ECMO) has 
_ been used to treat these infants and appears to afford in- 
creased survival." However, there is still significant reluc- 
_ tance on the part of many neonatologists and pediatricians to 
_ use this treatment because of concerns regarding long-term 
_ Survival, the effect of carotid artery and jugular vein ligation, 
_ and overall morbidity. To examine some of these questions we 

reviewed the experience at the UCLA Medical Center with 
_ the first 18 consecutive neonates undergoing ECMO because 
of severe RF, all of whom had failed maximal medical 
< management., 


PATIENTS AND METHODS 


_ We treated nine boys and nine girls, all but one of whom were 
_ transported from other hospitals for management of their RF and 


-< Accepted for publication June 9, 1990. 
_- From the Division of Pediatrie Surgery, Department of Surgery, UCLA 
-Medical Center. 
Read before the 61st Annual Meeting of the Pacific Coast Surgical Associa- 
tion, Laguna Niguel, Calif, February 19, 1990. 
Reprint requests to Division of Pediatrie Surgery, St Louis Children’s 
Hospital, 400 5 Kingshighway Blvd, St Louis, MO 63110 (Dr Foglia). 
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PHN and consideration for treatment with ECMO. On arrival at 
UCLA, their care was managed by the attending neonatologists. 
Primary respiratory diagnoses included meconium aspiration syn- 
drome (1€ patients), primary PHN (4 patients), sepsis (2 patients), 
respiratory distress syndrome (1 patient), and pulmonary hemor- 
rhage (1 patient), All neonates had high respiratory rates (RRs), 
inspiratory pressure, and inspired fraction of oxygen (Fi0,) when 
transferred. Management consisted of induced respiratory alkalosis, 
alkalinizing agents used to raise the serum pH, and hyperventilation, 
in an atterapt to reverse the pulmonary vasospasm. Maximal pharma- 
cologic management consisted of sedation and muscle relaxants in all 
cases. At ‘east one systemic vasopressor (dopamine or dobutamine) 
was also used in every case. Tolazoline hydrochloride was used innine 
neonates m an attempt to achieve pulmonary vasodilatation, Neo- 
nates were 40 +3 weeks’ gestational age and weighed 3.42 + 0.57 kg 
at birth. A: the time ECMO was started, infants had gained 11% +4% 
of their birth weight. Their age at the start of ECMO was 52+36 
hours. All values are reported as means + SDs. 

Criteria for ECMO are listed in the Table. Respiratory failure 
criteria included the use of alveolar arterial oxygen difference 
(AaDO,) and/or oxygenation index. This was calculated using the 
following equation: 

AaDO, = Barometric Pressure (760 mm Hg) ~ Water Vapor 

Pressure (47 mm Hg) — (Po, + Pco,) 
The oxygenation index equals Fio, times Po, divided by mean airway 
pressure. Others have shown that in neonates, an AaDO, that is 
greater than 610 mm Hg for 8 hours, or an AaDO, that is greater than 
605 mm Hg with a positive inspiratory pressure (PIP) that is greater 
than 38 cm of water for 4 hours predicted a mortality greater than 
80%.* Likewise, an oxygenation index greater than 0.40 is associated 
with a similar mortality. When a decision was made that a child had 
failed maximal ventilator and pharmacologic management, ventilator 
settings averaged as follows: RR, 98+31; Fio,, 0.99+ 0.03; positive 
inspiratory pressure (PIP), 54 + 11 cm of water; and peak-end expira- 
tory pressure (PEEP), 2+ 1 cm water. Resulting arterial blood gas 
values wereas follows: pH, 7.43 + 0.19; PO,, 36+ 14 mm Hg; and Pco,, 
37+ 14 mm Hg. Calculated AaDO, averaged 640+ 13 mm Hg, witha 
range of 617 to 659 mm Hg, and the oxygenation index was 
0.61 + 0.22. 

Prior to ECMO, a cranial ultrasound examination yielded normal 
results in ail neonates. Cardiac echo studies showed no structural 
cardiac pathology to account for the hypoxia. A patent ductus arterio- 
sis (PDA) and often a patent foramen ovale was identified and a right- 
to-left shunt documented. Standard venoarterial ECMO was begun 
with cannulation of theright atrium via the right internal jugular vein 
with a 10F to 14F cannula, and cannulation of the aortic arch via the 
right commen carotid artery with a 10 F cannula. The bypass circuit 
has been described previously." This procedure was always an emer- 
gency procedure and often was performed at the time of progressive- 
ly worsening hypoxia and blood pressure instability. One child- had 
been resuscitated from a cardiopulmonary arrest shortly before 
cannulation. 

Priming volume of the ECMO circuit was approximately 425 mL 
and consisted of a balanced crystalloid solution, packed red blood 
cells, and albumin. The albumin used in the prime was 7.5 grams in 
the first twe patients and 15 g in the last 16 patients. The blood 
volume of an infant weighing 3.4 kg was approximately 270 mL, 
resulting in approximately 1.5 times more blood outside of the neo- 
nate than in its cardiovascular system. Systemic heparinization of the 
neonate was carried out with an average of 250 U/kg of heparin given 
by bolus. An activated clotting time (ACT) was checked five minutes 
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later and vessel ligation ang cannulation performed when the ACT 
was greater than 400 seconds. 


RESULTS 


`: Flew of ECMO was started at 50 mL/min, and progressive- 
ly increased by 50-mL inerements each minute until a flow of 

- approximately 120 mL/kg per minute was achieved, which 

-was felt to be approximazely 75% of the total cardiac output. 
Within 5 to 8 minutes of starting bypass, pulse oximetry 
showed oxygen saturation greater than 95%, arterial Po, was 
75 to 90 mm Hg and Pco, was 35 to 45 mm Hg in almost all 
cases. Ventilator settings had been reduced to “rest” set- 
tings: Fio, 0.30; RR, 15/min; and PIP, 24 em of water. Venti- 
lator PEEP was placed at 4 em of water in the first two 
patients, and at 14 em of water in the last 16 patients. In the 
latter group, PEEP was gradually reduced from 14 to 4 cm 
of water beginning when ECMO flow was decreased to 
70 mL/kg per minute. 

Systolic blood pressure often would rise and vasopressor 
support could usually be stopped within 10 minutes of starting 
ECMO. Pulse pressure on ECMO consistently fell as the ratio 
of ECMO to non-ECMO ‘low inereased, since ECMO flow was 
nonpulsatile, As ECMO flow was decreased, pulse pressure 
would again widen. Continuous infusion intravenous fentanyl 
was used for sedation and blood pressure control, and was 
begun in all patients at a rate of 1 pg/kg per hour. Systolic 

hypertension (greater than 90 mm Hg) was frequently noted 
during the first 30 minutes of ECMO and was treated by 
increasing the fentanyl :nfusion rate. It then often resolved, 
and the fentanyl could be decreased to 1 to 2 pg/kg per hour. 
During the total time of ECMO, the fentanyl required to 
control blood pressure and for sedation increased by 

o 12.6+7.0 times. 
` Anticoagulation was controlled by the use of continuous- 

‘drip heparin, titrated based on ACT values checked at least 

“hourly. Heparin utilization averaged between 35 and 45 U/kg 
per hour. The ACT values were within 20 seconds of the 
desired ‘value 81% of the time. After the continuous-drip 
heparin was started, ACT values were greater than 300 
seconds only 1.3% of the time, and a heparin bolus was needed 
to treat an inordinately low ACT only 1.5% of the total time on 
bypass. 

As the PHN resolved, more venous blood would pass from 
the right heart and pulmonary artery to the lungs rather than 
througha right to left shunt. Flow of ECMO was progressive- 
ly reduced by 10-mL inerements every 1 to 2 hours, based on 
arterial and venous blood gas levels until a flow of 100 mL/min 

.,. was reached. This was approximately 30 mL/kg per minute, 
or about 20% of the infant's total cardiac output. If this was 
well tolerated for 4 hours, ECMO was then discontinued. 

The average length of cardiopulmonary support with 
ECMO for these patients was 107+ 41 hours. Our first two 
patients underwent ECMO for a total of 405 hours. If they 
were excluded from the study, our next 16 consecutive pa- 
tients underwent ECMO for only 95+ 22 hours. There were 
17 patients who no longer required treatment with ECMO 
(94.4% ECMO survival rate). When ECMO was stopped, 
patients were initially maintained with the following ventila- 
tor settings: Fio,, 0.40 = 0.12; RR, 21+ 7/min; and PIP, 24+4 
em of water. They required ventilator support for only 61 + 53 
hours (median, 46 hours) after decannulation and were then 
extubated. These neonates were breathing room air with no 
supplemental oxygen a median of 5.3 days after discontinua- 

“tion of ECMO. 

» Patients remained: at UCLA Hospital for a total of 

1,826.0 days, and their median total hospitalization after 
the start of ECMO was 25 days. All survivors were dis- 
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Criteria for Treatment With Extracorporeal Membrane 
Oxygenation 


Gestational age =35 wk 

Weight >2 kg 

No structural cardiac disease 

No intracranial hemorrhage 

No severe coagulopathy 

Less than 7 d of assisted ventilation (relative limit) 
or <10 d of assisted ventilation (absolute limit) 

Maximal ventilator management 

Respiratory failure criteria 









charged and have had follow-up examinations after 1 to 27 
months (median, 12 months); there have been no late deaths; 
thus the long-term survival rate is also 94.4%. Of the 17 
survivors, all are normal or near normal. No child has any 
major or minor neurologic abnormality. One child had BPD 
and required supplemental oxygen for 3 months, but no long- 
er requires this. Another child underwent tracheostomy for 
bilateral vocal chord paresis thought to be caused by endotra- 
cheal tube trauma. There has been no case of sepsis in over 
1900 hours of ECMO support. 


Morbidity and Mortality 


There was one death during ECMO among the 18 patients 
(94.4% survival rate). Because of the concern in regard to 
intracranial hemorrhage, all neonates underwent daily crani- 
al ultrasound examinations while receiving ECMO and a com- 
puted tomography or magnetic resonance imaging study 
within 2 weeks of discontinuation of ECMO. Two neonates 
(11.1%) suffered an intracranial hemorrhage, both docu- 
mented by ultrasound study. Complications also included 
neck wound bleeding, requiring exploration in one patient; 
BPD in one patient; bilateral vocal chord paresis in one pa- 
tient; and a PDA requiring ductal ligation. Two patients had 
seizure activity noted prior to arrival at UCLA. No seizure 
activity or any evidence of neurologic dysfunction was seen in 
any patient either while receiving ECMO or subsequently. 

The only death in the series was that of a 2.7-kg infant who 
suffered a grade IV intracranial hemorrhage. The child was 
admitted with severe PHN and RF due to sepsis, and had 
renal failure, arterial Po, less than 40 mm Hg, and systolic 
blood pressure less than 40 mm Hg for 12 hours prior to 
transfer despite transfusions with 70 mL/kg of colloid solu- 
tion. The neonate began receiving ECMO, and despite the use 
of multiple diuretics, increased its weight by 32%, and contin- 
uous arterial venous hemofiltration was begun. A cranial 
ultrasound examination on the third day showed a grade IV 
hemorrhage. The child could not be managed on a ventilator 
alone without ECMO support. Because of the large ICH, 
ECMO was discontinued, and the child died shortly there- 
after. One other patient had a small grade I germinal matrix 
intracranial hemorrhage. She was gradually weaned off 
ECMO during a 48-hour period and was totally asymptomatic 
both during ECMO and subsequently. One patient had BPD, 
defined as requiring supplemental oxygen at greater than age 
28 days. This patient was our oldest at the time of starting 
ECMO, and underwent bypass at 165 hours of life after 7 days 
of ventilator management with high oxygen concentrations 
and pressures. He was receiving Fio, at 0.88, the only patient 
not receiving 100% oxygen prior to ECMO, but he required a 
PIP of 60 cm of water. After ECMO he required supplemental 
oxygen for the first 3 months of life and was hospitalized for 4 
months. 

Another patient with RF due to sepsis developed a marked 
persistent left-to-right shunt through a PDA. Serial cardiac 


„echo studies demonstrated that flow through the PDA 


changed progressively from right-to-left shunting, to bidirec- 
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tional shunting, to left-to-right shunting as the PHN re- 
solved. Despite fluid restriction, the PDA did not close and 
the chest roentgenogram showed an enlarged heart size and 
pulmonary edema at day 9 on ECMO. A left thoracotomy and 
PDA ligation was performed while the child was heparinized 
and receiving ECMO. The lung hyperemia resolved within 
seconds after the ductus was closed, and a chest roentgeno- 
gram taken 4 hours later showed a marked decrease in heart 
size, and resolution of the pulmonary edema. The procedure 
allowed for the ECMO flows to be rapidly decreased, and 30 
hours after PDA ligation, the infant could be taken off ECMO. 


Chest Roentgenograms 


The chest roentgenograms prior to ECMO were variable in 
pathology and included four patients (22%) who had evidence 
of barotrauma. A chest roentgenogram was obtained in all 
infants shortly after starting ECMO. These films were of 
interest because in a number of cases, despite excellent arte- 
rial oxygen saturations, the lung fields had a dense interstitial 
infiltrate pattern. The first two patients in the series devel- 
oped a global interstitial edema pattern or lung “white-out” 
shortly after being placed on ECMO (Fig 1, top and center). 
This pattern often took several days to clear. At the conclu- 
sion of ECMO, the chest roentgenogram showed complete 
resolution of the process (Fig 1, bottom). Subsequent patients 
were managed with both higher levels of colloid oncotic pres- 
sure in the ECMO circuit and high levels of PEEP, and the 
degree of interstitial edema declined in a number of cases (Fig 
2). These infants required less ECMO flow soon after bypass 
was started, indicating the probability of blood flow to the 
lungs and gas exchange. In several infants, this was con- 
firmed by cardiac echo showing bidirectional or left-to-right 
shunting soon after ECMO was begun. In general, improve- 
ments in pulmonary gas exchange were associated with pro- 
gressive resolution of air bronchograms, clearing first in the 
peripheral lung field and later centrally, and an improved 
pulmonary compliance manifested by the diaphragms at a 
lower level on chest roentgenogram and increased chest rise 
on clinical examination. Only one patient (6%) was found to 
have evidence of BPD after completion of ECMO. 


Metabolic 


The average weight of infants shortly after starting ECMO 
was 11%+4% above birth weight. The neonates clinically 
appeared edematous, and their chest roentgenograms often 
corroborated the clinical findings of fluid overload. Patients 
were managed with fluid restriction to 80 to 90 mL/kg per 
day. The use of a diuretic, either furosemide or ethacrynic 
acid, was helpful in instituting a brisk diuresis of 3 to 4 mL/kg 
per hour. Only one patient developed renal failure and re- 
quired hemofiltration. As the neonates began to lose this 
excess weight, if edema was present, the lung fields on serial 
radiographic examination showed progressive clearing. Con- 
comitant with this, the arterial Po,s improved, and we could 
begin to reduce the amount of ECMO support. Neonates were 
decannulated when their weight had decreased to approxi- 
mately 3% above birth weight, or approximately 6% to 7% 
above what their ideal weight should be at approximately age 
6 days. 

While on ECMO, neonates received total parenteral nutri- 
tion infused directly into the circuit. Administration of 2% 
amino acids, and 10% dextrose was started, and dextrose 
concentration was increased by 5% each day. Administration 
of lipids at 20% concentration was started at 1 g/kg per day 
and increased over 2 days to 3 g/kg per day. Total parental 
nutrition made up almost 65% of the total fluid intake, and we 
ultimately could deliver approximately 378 to 399 J/kg per day 
to these infants. A metabolic alkalosis was consistently seen; 
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Fig 1.—Too, Chest roentgenograms of patient 2 with severe respira- 
tory failureprior to ECMO. Note the relatively clear lung fields. Center, 
Patient 2, 7 hour after starting ECMO treatment. Significant interstitial 
edema noted. Bottom, Patient 2 after 1 week of ECMO treatment and 
shortly after decannulation with complete resolution of interstitial 
edema. 
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Fig 2.—Top, Chest rosntgenogram of patient 12 just prior to ECMO. 
Note pneumoperitoneum due to high ventilator pressures. Bottom, 
Patient 12, 1 hour after ECMO treatment was begun. Note lack of 
interstitial edema and peritoneal tube evacuation of pneumoperi- 
toneum. 


. it was highest during the initial stages of ECMO and then 

gradually decreased. Sodium requirements in infants receiv- 
ing ECMO averaged 2 mmol/kg per day, one half the normal 
amount. In contrast, potassium requirements were often 4 to 
5 mmol/kg per day, roughly 2 to 2.5 times normal. 


COMMENT 


At present, ECMO is no longer considered experimental 
therapy, but remains a form of rescue therapy for neonates 
with severe PHN that is unresponsive to maximal ventilator 
and pharmacologic treatment. Despite over 3000 neonates 
treated with ECMO, and an 82% ECMO rate of survival,” 
significant skepticism and reluctance still exists in the minds 
of many neonatologists and pediatricians. This skepticism is 
based on several concerns: (1) the validity of the defined RF 


-eriteria®, (2) the long-term survival vs survival on ECMO 


plone; and (3) the overall morbidity. 
A number of ECMO centers have used the data of Bartlett 


<> et al” and Short et al.°” who retrospectively reviewed neo- 


nates with severe RF in the early 1980s and defined an 80% 
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mortality based on AaDO, or certain levels of pH, PCo,, and 
barotrauma. The question of validity of the use of “historic” 
data from management 7 or more years ago was raised by 
Dworetz et al." They applied these criteria to patients at Yale 
New Haven (Conn) Hospital from 1980 to 1981 and found an 
accurate prediction of mortality; in contrast, when these cri- 
teria were applied to patients between 1986 and 1988, the 
mortality rate was only 11%. The management of PHN has 
improved markedly over the past decade, and it is likely that a 
higher AaDO, value is needed to predict poor outcome. Re- 
cently, O'Rourke et al’ carried out a randomized prospective 
trial in neonates with severe RF and PHN; they found a 97% 
overall survival rate in the ECMO-treated group in contrast 
to a 60% survival rate in patients treated with conventional 
medical therapy. 

In our study, the average AaDO, of patients treated with 
ECMO was 640+ 13 mm Hg. This value is greater than two 
SDs higher than the AaDO, value of 605 mm Hg from patients 
in the studies by Short et al? and Beck et al,’ and we feel 
encompasses a group of patients who are truly critically ill. 
Likewise, our oxygenation index value of 0.61 + 0.22 is great- 
er than the value of 0.40 used by others to define an 80% 
mortality. 

In a practical sense, we could not manipulate the relative 
severity of the RF. The neonate’s care was governed by the 
neonatology staff. The ECMO service treated the child only 
after the neonatologists felt that they had exhausted all other 
forms of therapy and that the child was likely to die unless 
some other treatment was available. The only patient who 
was not at “maximal” ventilator settings was a 3.1-kg infant 
with meconium aspiration syndrome who had been on a venti- 
lator for almost 7 days, had been weaned to an Fio, of 0.88, an 
RR of 30/min and pressure settings of 60/4 em of water, with 
an arterial Po, of 56 mm Hg and Pco, of 33 mm Hg. He was 
started on ECMO because he could not be weaned further and 
was at the outer limit of ECMO candidacy because of the 
extended length of time on a ventilator. Although he had a 
relatively short course of ECMO, he proved to be the only 
patient who developed chronic BPD; he required supplemen- 
tal oxygen for 95 days and was hospitalized for 120 days. 

The second issue is that of long-term survival. Although the 
survival rate of patients receiving ECMO is 82% nationally, 
this does not address the mortality rate in the hospital after 
ECMO, or the long-term survival. Weber et al“ reported an 
86% ECMO survival rate, but they also listed four subsequent 
hospital deaths during the next 60 days that lowered the rate 
of survival to 68%. Bartlett et al’ reported seven late deaths in 
72 ECMO survivors (10% incidence) due to causes such as 
unresolved BPD, severe brain damage, and cardiac damage. 
A major factor accounting for the discordance between 
ECMO survival and in-hospital and long-term survival may 
be the consequences of hypoxia and ventilator injury in a 
number of patients. Improved methods of performing 
ECMO, along with using it more promptly in the treatment of 
neonates with RF, should result in little difference between 
ECMO, in-hospital, and long-term survival rates. The pre- 
sent study shows no difference between ECMO, in-hospital, 
and long-term survival rates; it is 94% in each case. 

There has also been great concern regarding the morbidity 
associated with ECMO. The Extracorporeal Life Support 
Organization Registry data show a 16% incidence of ICH, 
seizures in a similar number of patients, and other neurologic 
sequelae occurring with an incidence of 3.1%.’ This concern 
deals with the issue of cerebral perfusion, hypoxia, and the 
dangers, both proximate and longitudinal, of right common 
carotid artery and internal jugular vein ligation. Further- 
more, questions have been raised about the risk of bleeding 
with long-term (4 to 6 days) heparin therapy in newborns, and 
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the morbidity associated with mechanical complications with 
the circuit-oxygenator, heat exchanger failure, tubing rup- 
ture, clot formation, and air emboli. 

Over the past 5 years, ECMO has gone through an evolu- 
tion, with new centers increasing and the number of new 
patients growing by at least 50% each year. Because of the 
pioneering work of Bartlett and his associates, ECMO is much 
safer now than it was 5 years ago. The equipment has im- 
proved and the number of mechanical problems has declined.” 
The training of personnel has also improved. Most important- 
ly, the focus of our attention now is not simply on maintaining 
a patient on cardiopulmonary bypass for 4 or 5 days. Rather, 
fundamental questions are being asked regarding the effects 
of long-term bypass and nonpulsatile flow on organ perfusion, 
the pathophysiology of neonatal hypoxia, the significance of 
reoxygenation injury, the effects of ECMO on intracranial 
perfusion dynamics, the resolution of pulmonary vasospasm, 
and the recovery of lung function. In this way, strategies can 
be developed to optimize the manner in which ECMO is 
carried out, with the end result being a shorter and safer 
course of ECMO. 

The changes in physiology with ECMO are major as evi- 
denced by the profound changes in fluid and electrolyte bal- 
ance requirements. At least two mechanisms account for the 
metabolic alkalosis seen in this study: the metabolism of 
citrate from the blood used for the pump prime, and an 
aldosterone effect, possibly related to the degree of nonpulsa- 
tile flow to the kidneys. Increased aldosterone would account 
for sodium resorption, and potassium and hydrogen excretion 
in the distal convoluted tubule of the kidney, as well as a 
concomitant aciduria seen in a number of these patients, 

A paradox of ECMO is that one of the major causes of 
mortality and morbidity is an intracranial accident, rather 
than irreversible cardiac or pulmonary damage. Our hypothe- 
sis is that the combination of the posthypoxic state, the inho- 
mogeneity of cerebral blood flow due to common carotid and 
internal jugular ligation, and anticoagulation, along with hy- 
pertension, create an environment with increased potential 
for bleeding. Our laboratory has previously shown a 39% 
decrease in right- vs left-sided cerebral perfusion pressure in 
posthypoxic neonatal lambs receiving ECMO. However, the 
pressure drop across the collateral circulation progressively 
improves, so there is only a 9% perfusion pressure difference 
after 36 hours of ECMO.” This may indicate a relatively low 
risk for neurologic problems to occur subsequent to ECMO. 

Sell et al“ have reported a 52% incidence of ICH and 
associated this with systolic hypertension. Careful control of 
blood pressure and the ACT level may help to decrease ICH. 
Infants are probably at greatest risk for ICH during the first 
24 hours of ECMO, the immediate posthypoxic period when 
the cerebral capillary membrane is most unstable. Systolic 
hypertension is commonly seen during the initiation of ECMO 
and may be caused by calcium flux, volume loading with 
increasing preload, a relative lack of autoregulation, or not 
rapidly tapering the vasopressors that the neonates are often 
~ receiving. The use of fentanyl has aided in keeping the systolic 
pressure less than 90 mm Hg during this time when the ACTs 
are often in the 400- to 500-second range. 

Maintenance of well-controlled anticoagulation with no 
large fluctuation in ACT values should decrease the risk of not 
only ICH, but also gastrointestinal, genitourinary, and pul- 
monary bleeding. We have shown that ACTs can be main- 
tained within 20 seconds of the desired level for more than 
80% of the time. With ACTs maintained at 220 to 240 seconds, 
we noted two cases (11.1%) of ICH; no patient with seizures; 
one neck wound requiring exploration for bleeding; and no 
gastrointestinal, genitourinary, or pulmonary hemorrhage. 
There have been no problems related to fibrin clot formation 
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or oxygenator failure. 

The-development of pulmonary interstitial edema has been 
a common problem in patients undergoing ECMO. The causes 
of this diffuse interstitial edema may be due to a reperfusion 
or reoxygenation injury to the lung. At least two components 
of Starling’s law of fluid flux can contribute to this: colloid 
oncotie pressure and a membrane injury with a change in the 
capillary membrane constant. Moront et al” have reported 
excellent success in 50 neonates treated with ECMO and high 
levels of PEEP. These neonates were able to have ECMO 
discontinued more than 29% faster than a comparable group 
of neorates treated with ECMO and low levels of PEEP. The 
use of high levels of PEEP is felt to counteract the capillary 
leak im the lung by raising the interstitial hydrostatic 
pressure. 

We speculate that the components of the pump prime are 
also integral to the development of edema and overall fluid 
retention. Previously, only sufficient aloumin had been added 
to the pump prime to coat the membrane lung to decrease 
platelet aggregation. However, this could result in a serum 
albumin in the circuit of less than 20 g/L. Our first two 
patients both suffered white-out of the lungs and had an 
aggregate 405 hours of ECMO. Starting with our third pa- 
tient, we have routinely primed the circuit with 15 g of 
albumin. Serum albumin levels measured after starting 
ECMO have consistently been greater than 30 g/L. This 
increase in colloid oncotic pressure in the capillary space, 
combined with the increase in interstitial hydrostatic pres- 
sure due to the high PEEP, may counteract some of the fluid 
flux out of the capillary space into the interstitium. Using 
these strategies in our last 16 consecutive patients, time on 
ECMO has averaged 95 hours, a 21.5% decrease from the 
national average.’ 

By decreasing complications while administering ECMO, 
the length of bypass should be shortened, and may be associ- 
ated with both increased survival rates and an improved 
quality of life. The decrease from an ECMO survival rate of 
80% to 85% to a long-term survival rate of 65% to 70% in 
previous studies was often due to late sequelae of a neurologic 
or pulmonary injury. If the complications are decreased dur- 
ing ECMO, there will be fewer long-term problems. We have 
been gratified to find a relatively low complication rate of 
ECMO and a subsequent excellent long-term survival rate of 
94%. 

We believe that ECMO clearly plays an essential role as a 
life-saving rescue technique for critically ill infants with 
PHN. It has progressed to a point where a relatively new 
center such as ours can carry out this type of treatment with 
an exceilent rate of survival. An examination of not only 
survival statistics, but the relatively low risk of morbidity, 
raises the question of what the role of ECMO should be in the 
next several years. Some element of the neurologic complica- 
tions in infants treated with ECMO was not caused by ECMO 
alone, but was the result of the profound hypoxic insult the 
child had suffered during the period of RF and PHN, and 
exacerbated perhaps by the ventilator management. Perhaps 
consideration should be given to earlier intervention with 
ECMO im two types of patients. The first would be the ex- 
tremely poorly oxygenated neonate, for whom ECMO would 
decrease the risk of a cerebral hypoxic injury. The second 
group is that comprising infants who have, at best, marginal 
oxygenation but at the expense of high Fio, and extremely 
high ventilator pressures. It may be that rather than lan- 
guishing for weeks to months on a ventilator, those neonates 
would benefit from treatment with ECMO. More prompt 
consideration of its use in selected infants may afford an even 
smaller risk of mortality and morbidity than we report 
presently. 
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Discussion 


DAVID TAPPER, MD, Seattle, Wash: Extracorporeal membrane 
oxygenation is a labor intensive state-of-the-art form of respiratory 
therapy. The goals of this technique are to (1) provide appropriate 
oxygenation and carbon dioxide elimination at minimal distending 


"pressures; (2) minimize oxygen toxicity and barotrauma; and (3) 


‘stabilize the swings in oxygenation during periods of pulmonary 
‘hypertension related to persistent fetal circulation. The authors re- 
port a standard approach with quite acceptable results. There are 
currently 63 centers using this technology and, as of October 1989, 
2946 patients have been entered in an ECMO registry. In the catego- 
ries that the authors list under respiratory failure, there have been 
1161 patients with meconium aspiration with a 92% survival rate, 419 
patients with primary pulmonary hypertension with an 87% survival 
rate, and 337 patients with sepsis with a 77% survival rate. 

It is important to consider a number of things. Have the authors 
evaluated the long-term sequelae of ligating the common carotid 
artery? Do you favor reconstruction of the common carotid at the time 
of decannulation and why? Would it be possible to use this technology 
without heparinizing the patients? Specifically, is there a role for 
heparin-bonded catheters or venovenous bypass? What is on the 
horizon? Will you extenc this technology to older infants and children 
with respiratory failure? 

GEORGE G. LINDESMITH, MD, Los Angeles, Calif: At the Chil- 
drens Hospital, Los Angeles, Calif, the ECMO program is directed 
by Jiny Atkinson, MD. We have 135 cases with a 13% mortality rate. 
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The distribution of our cases is not different from the national aver- 
age. Our data support the authors contention that this is a very useful 
modality. Our experience with the use of ECMO in neonates with 
congenital heart disease has included five patients. All five were 
successfully weaned from ECMO following repair of their cardiac 
defects, and of the group, there were two long-term survivors. 

We have used it as a sort of bridge to cardiac surgery in those 
patients who were so critically ill and dying that to subject them to. 
surgery would have resulted in 100% mortality. Lf we stabilize these 
patients with ECMO, take them to the operating room with the 
ECMO circuit in place, and then perform cardiac surgery, we do get 
some long-term survivors. 

My question to the authors is, do they have experience with, or 
comments regarding, this expansion of the use of this modality? 

PAUL W. JOHNSTON, MD, Pasadena, Calif: Since May 1985, the 
ECMO program of the Neonatal Department at the Huntington: 
Memorial Hospital, Pasadena, Calif, under the direction of R. Liber- 
man, MD, E. Gangitano, MD, and J. Vogt, MD, has treated 228 
patients, with a 28-day survival of 95% and a 1-year survival of 87%. 

Since the patient receiving ECMO must be anticoagulated with 
heparin, bleeding is the most frequent complication of the procedure, 


either from the various operative sites or within the cranium. In 55° 


patients at the Huntington Memorial Hospital, a double venous can- 
nulation has been used with a cephalad and a caudad catheter inthe 
internal jugular vein. Since 20% of the venous return to the heart 
comes from the head, the cephalic vein catheter is placed to reduce the: 


cerebral venous congestion. Preliminary unpublished results show’ i 


that there is less plethora of the skin of the head and neck, less 
bleeding from the operative wound of the neck, and fewer episodes of 
intracranial bleeding, particularly in the group of gestational age 34 
to 36 weeks. What measures do you use or consider to control the 
complication of bleeding? ee 

Of particular interest to the pediatric surgeon is the role of ECMO © 
in the surgical repair of congenital diaphragmatic hernia, and wheth- 
er ECMO can alter the high mortality when such hernias are diag- 
nosed and treated in the first 24 hours of life. The high mortality is 
related to pulmonary hypoplasia and the persistent pulmonary hy- 
pertension. The crux of the matter is how quickly some of these 
structural and functional problems can be reversed by ECMO. An- 
other problem to consider is that surgical repair of the diaphragmatic 
hernia decreases the compliance of the lungs, and can temporarily 
make the pulmonary vascular resistance worse. 


Certain questions are as yet unanswered. (1) Is there a degree of © 


pulmonary hypoplasia that precludes survival, no matter how the 
patient is treated? How do you select these patients? (2) Have you 


found that the carbon dioxide ventilation index of Bohn predicts with 


any degree of accuracy the survivor and nonsurvivor of ECMO? (3) 
Should the repair of the congenital diaphragmatic hernia be done 
before, during, or after the ECMO, and how do you decide? 

ALFRED A. DELORIMIER, MD, San Francisco, Calif: This modality 
should be introduced much earlier in the course of the patient's care 
and particularly when it becomes necessary to use vasopressors. We 
have had real problems cannulating the vena cava and innominate 
vein when vasoconstrictors, such as norepinephrine, have been used. 
It is desirable to use as big a catheter as possible use to achieve 
adequate venous drainage, and when the vessels are clamped down to 
a thread it is a real technical challenge to cannulate the vessel. So we 
now ask our neonatologists to call us when they get to a point where 
they are having to use vasopressors. 

We have now reconstructed the carotid artery in six neonates. All 


of the vessels have remained open by Doppler study afterward and I - 2 


think this will help nullify the concerns of the neonatologists and 
pediatricians about the long-term outcome of these children. 

One of the criteria for exclusion from the use of ECMO was the 
presence of cardiac disease, but I support Dr Lindesmith’s premise 
that ECMO should be used for selected infants with cardiac disease. 
We just had an infant with total anomalous pulmonary veins, and 
ECMO admirably rectified the neonate’s severe metabolic problems, 
and the anomalous venous drainage could then be fully corrected 
within a couple of days after beginning on ECMO. 

JOHN R. BENFIELD, MD, Sacramento, Calif: The enthusiasm for 
ECMO that has been expressed herein, and which I share, is not 
shared unanimously. There are people who believe that methods of 
nonoperative respiratory support have improved enough so that 
controls are extremely important. 

I am reminded of my early experience in lung transplantation, 
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when I offered lung transplantation to a patient nearly 20 years ago. 
She initially accepted and then decided not to have the operation and 
for many years, until recently, she was the “longest surviving lung 
transplant. recipient.” How secure are the selection criteria for 
ECMO, and how suitable are the controls? Do future studies need to 
inelude controls managed by the best available nonoperative means? 

FRANK R. LEWIS, JR, MD, San Francisco: Do you think the 
development of interstitial edema after beginning ECMO might be 
due to a relaxation of the pulmonary vasoconstriction that is present 

‘ while patients are hypoxic but that is relieved when they begin 
ECMO therapy? You did not discuss that in the presentation, and I 
wonder if you have investigated it by looking at changes in pulmonary 
vascular resistance? 

In adults, pulmonary hypertension does not go away at the time 
they are weaned from ventilators, but remains as a long-term prob- 
lem due to anatomic changes. Even when infants are weaned and 
oxygenation improves, does the pulmonary hypertension actually go 
away, or is it still present at the time they are weaned? 

Adults who are on a ventilator for a long time lose exchangeable 
capillary surface area irreversibly. Have these children had long- 
. -term follow-up in regard to their development and long-term respira- 

tory function? 

You indicated that high PEEP levels might help to resolve the 
edema. In the available physiologic studies both in humans and 
animals, the application of PEEP has been found either to have no 
effect or to increase the edema. Why do you think it might be different 
in infants? 

DR FONKALSRUD: Dr Tapper, heparin-bonded catheters are cer- 
tainly under study for use in the ECMO circuit. If we do not have to 
use heparin, the overall success of the procedure will be enhanced and 
the incidence of intracranial hemorrhage will most likely be reduced. 
Work is under way to study the application of ECMO to older pa- 
tients. Application to infants weighing less than 2 kg is still complex, 
but is under extensive study. 

We concur that ECMO may, on occasion, supplement the postoper- 

ative care following repair of difficult congenital cardiac anomalies, 

DR FOGLIA: For 5 or 6 years work has been done to get heparin 

. bonding for the children’s circuits. In Sweden, they have used the 
` Carmeda system that works well in the animal model, and they are 
beginning to use this system in humans to avoid the issue of heparin. 
`: ‘The risk of intracranial hemorrhage is not only related to the use of 
anticoagulation, but goes back to the primary problem: the hypoxia in 

these infants and the cerebral capillary membrane instability. 

My bias is that ECMO may cause some degree of reoxygenation 
injury. It is not really reperfusion injury, but more of a reoxygenation 


ae injury, and certain strategies try to decrease that risk. One strategy 


might be the use of superoxide dismutase and catalase, and some 


be people have been evaluating use of calcium-channel blockers in 


infants. 

Reconstruction of the carotid artery can be done in pediatric sur- 
gery. There has been a reluctance to do this because of the risk of 
platelet aggregation on the suture line with embolization 
intraeranially. 

When we carry out ECMO, we obviously produce a significant 


Se change in physiology. If we have an infant who is hypoxic, we ligate 


the vessels. We use a nonpulsatile flow, and we have inhomogeneous 
flow. We looked at this issue in a series of newborn lambs. They were 


made hypoxic, put on a ventilator, and for 3 hours were kept at a Po, 


of 30 to 35 mm Hg. We compared them with a series of normoxic 
lambs. Both groups were started on ECMO therapy and an oculo- 
pneumoplethysmography (OPG) technique was used to evaluate 
pressures in the right and left eyes as a manifestation of right and left 
intracranial perfusion pressure. 
=. We measured the right and left OPG ratio in the hypoxic animals 
_ within 1 hour of going on bypass and found a significant depression, a 
39% depression in right hemispheric perfusion. When ECMO therapy 
was continued in these animals, we found a stepwise improvement in 
-OPG so that 18 hours after being on ECMO, the OPG ratio in the 
~ hypoxic animals returned to 92%, or only 8% asymmetry. We think 
that this speaks to what the risk is longitudinally after coming off 
ECMO therapy because of the carotid ligation. 
Reconstruction of the carotid may obviate the whole issue, but we 
think that there is not a sufficient risk if the neonate completes ECMO 
therapy. As far as I know, no infant who has been off ECMO therapy 


1292 Arch Surg—Vol 125, October 1990 


has developed a later complication, but the oldest of these patients is 
now only 14 years of age. 

Dr Lindesmith, the National Registry Data report 125 children 
who are cardiac patients treated with ECMO with a 45% survival 
rate. In-defining criteria for neonatal respiratory failure, we would 
like to exclude hypoxia due to cardiac disease because in many cases 
the cardiac disease should be treated not by starting ECMO therapy. 

Ifthe algorithm is that a diagnosis of cardiac disease is made and we 
can use ECMO therapy as a bridge to treat with operation, ‘either 
palliative or definitive, then that certainly makes very good sense. 

Dr Joanson, reports several years ago showed up to a 50% inci- 
dence of intracranial hemorrhage while on ECMO. The national 
figure is now down to 16%. We tend to do two things: we tend to try to 
control cur ACTs very carefully; and our experience is that we can 
keep an ACT within 20 seconds of our desired goal 81% of the time. 
We only nad an ACT over 300 seconds 1.3% of the total 1800 hours on 
bypass. 

We algo control blood pressure, keeping the systolic pressure less 
than 90 mm Hg. This is an important factor in avoiding intracranial 
hemorrhage, especially in the first 48 hours on ECMO, when we think 
that the capillary membrane in the brain is at its greatest risk for 
instability. 

Regarding the diaphragmatic hernia and pre-ECMO treatment, 
50% of taese infants will do well with the operative treatment for 
diaphragmatic hernia alone. If we take all the infants who have a 
diaphragmatic hernia and who develop respiratory failure and then 
place them on ECMO, then we are going to have some downside risk 
of the treatment with ECMO. Since they underwent hernia repair 
first, not all of them would require ECMO; then we may be committed 
to operating on many of them receiving ECMO, 

Our feeling is that we should have the children transferred and 
evaluated in the neonatal intensive care unit. The tendency before 
was to rapidly transfer the neonates from the ambulance to the 
operating room, and I think Bohn’s study from The Hospital for Sick 
Children in Toronto, Ontario, showed that a number of these patients 
can be handled well with a resuscitation for several hours to improve 
their status metabolically and hemodynamically and then go to the 
operating room. That is our approach to these infants. 

The neonates who have had a diaphragmatic hernia whom we have 
seen in our nursery have all done well with operative management 
and have not required ECMO. 

Dr Benfield, Pearl O'Rourke, MD, and her colleagues at Boston 
(Mass) Ckildren’s Hospital 3 months ago reported their experience in 
a prospective randomized trial. They found that the survival rate 
among neonates treated with conventional maximal therapy was 
60%. In comparable infants treated with ECMO, there was a 97% 
survival rate; therefore, I think there is some excellent recent data in 
regard to the issue of controls. 

Dr Lewis, there are some differences between newborns and 
adults. Looking critically at the National Institutes of Health collabo- 
rative study, the patients that were treated with ECMO did very 
well. They could not be weaned off, and the problem was that they had 
been on a ventilator on maximal settings in many cases for an average 
of 10 days before ECMO was used. Essentially, there was irrevers- 
ible lung damage. Neonates are different, Neonates have a pop-off 
valve anda ductus or patent foramen ovale through which they can 
shunt bloed. Most programs have chosen to limit neonates receiving 
ECMO therapy to those who have been on the ventilator for no more 
than 7 days as a relative contraindication or an absolute contraindiea- 
tion woulc be more than 10 days of ventilation management. 

The infant also has the ability to further increase lung growth 
because alveolar growth will continue until the child is 2 years of age. 
This also answers the question in regard to the physiology of pulmo- 
nary function in these infants. 

The idea of using PEEP certainly was not something ‘that we 
thought of. Ted Kolobow, who invented the membrane lung: that 
many centers use in the United States, is affiliated with the National 
Institutes-of Health and has been an advocate of high PEEP for a 
number o? years. Marty Keszler and his colleagues at Georgetown 
University, Washington, DC, at the AATS meeting reported their 
results with 50 newborns treated with high PEEP levels and they 
found that those infants came off bypass after an.average of 86 hours 
of ECMO therapy compared with a national average of 125 hours in 
comparabiz patients. 
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More confidence in presumptive antibiotic 

therapy. Prescribing UNASYN presumptively is a step 

you can take with confidence. UNASYN covers gram- 
positives (even enterococci), preva- 


“Its still like walking the lent gram-negatives, and anaerobes: 


The right combination for most 


high wir e 9 but now I have patients with common mixed 


99 infections. * 
a safety net. And UNASYN minimizes safety 
concerns with a reliable penicillin- 
class profile.’ (However, UNASYN is contraindicated in 
penicillin-allergic patients. ) 
Expect strong support from UNASYN in the mixed 
infections* you face every day. 
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INDICATIONS AND USAGE 

UNASYN is indicated for the treatment of infections due to suscephible 
strains of the designated microorganisms in the conditions Usted below 
Skin and Skin Structure Infections caused by beta-lactamase producing 
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Strains of Staphylococcus aureus. Escherichia col.” Klebsiella spp * 
porun ag K pneumoniae), Proteus murabilis.* Bacteroides fragilis. * 
nterobacter spp..* and Acinetobacter calcoaceticus * 
intra-Abdominal intections caused by beta-lactamase producing strains of 
Escherichia coli. Klebsiella spp. (including K. pneumaniee*). Bacteroides 
spp. (including B. fragilis), and Enterobacter spp.* 
Gynecological infections caused by beta-lactamase Procucing strains of 
Escherichia coh, * and Bacteroides spp.* anciuding B frags) 
*Efficacy for this organism inthis organ system was studied in tewer than 10 
infections 
While UNASYN* {ampicillin sodium/suibactam sodium} s indicated oniy 
for the conditions isted above. infections caused by ampie:iin-susceptible 
Organisms are also amenabie to treatment with UNASYN dus to ifs ampicilin 
content Therefore, mixed infections caused by ampictin-suscepuible 
Organisms and beta-lactamase producing organisms. susceptible to 
UNASYN should not require the addition of another antibiczic 
CONTRAINDICATIONS 
The use of UNASYN ıs contraindicated in individuals wth a history of 
hypersensitivity reactions to any of the penicillins 
WARNINGS 
SERIOUS AND OCCASIONALLY FATAL HYPERSENSITIVIT {ANAPHYLAC- 
TiC) REACTIONS HAVE BEEN REPORTED IN PATIENTS 3N PENICILLIN 
THERAPY THESE REACTIONS ARE MORE APT IO OCCUR IN INDIVIDUALS 
WITH A HISTORY OF PENICILLIN HYPERSENSITIVITY AND/OR HYPER. 
SENSITIVITY REACTIONS TO MULTIPLE ALLERGENS TH: RE HAVE BEEN 
INDIVIDUALS WITH A HISTORY OF PENICILLIN HYPERSEASITIVITY WHO 
HAVE EXPERIENCED SEVERE REACTIONS WHEN TREATE 3 WITH CEPHA- 
LOSPORINS BEFORE THERAPY WITH A PENICILLIN CAREFUL INQUIRY 
SHOULD BE MADE CONCERNING PREVIOUS HYPERSENSITIVITY REAC- 
TIONS TO PENICILLINS CEPHALOSPORINS. AND OTHER ALLERGENS IF 
AN ALLERGIC REACTION OCCURS. UNASYN SHOULD BE RISCONTINUED 
AND THE APPROPRIATE THERAPY INSTITUTED 
SERIOUS ANAPHYLACTOID REACTIONS REQUIRE IMMEDIATE EMER- 
GENCY TREATMENT WITH EPINEPHRINE OXYGEN INTRAVENOUS 
STEROIDS AND AIRWAY MANAGEMENT INCLUDING INTUBATION. 
SHOULD ALSO BE ADMINISTERED AS INDICATED 
PRECAUTIONS 
General: A tugh percentage of patients with mononucieous who receive 
ampicillin develop a skin rash. Thus ampicihn class antibietcs should not 
be administered to patents with mononuciessis In patents treated with 
UNASYN the possibility of superinfections with mycotic or sactera! patho- 
pes should De kept in mind duning therapy ff superirfechons occur 
usuaily involving Pseudomonas or Candida). the drug sheuld be discon- 
tinued and/or appropnate therapy instituted 
Drug interactions: Probenecid decreases the renal tubular secretion of 
ampicilin and sulbactam Concurrent use of probenecid wits UNASYN may 
result in increased and prolonged biood ieveis of ampicillin ond sulbactam 
The concurrent administration of ailopuring! and ampicillinencreases sub- 
stantially the medence of rashes on patents receiving Soth drugs as 
compared to patents receiving ampicillin alone. Iis notknown whether this 
potentiation of ampiciin rashes 15 due to allopurinol or thethyperuncemia 
Present in these patents. There are no data with UNASYN end allgpurinot 
administered concurrently. UNASYN and aminoglycosides should not be 
seconstituted together cue to the in vitro inactivation of aminagiycos:des by 
the ampiciiiin component of UNASYN 
Drug/Laboratory Jest interactions: Administration of UNASYN will result 
in high urme concentrations of ampicillin High urine coacentrations ot 
ampicilin may result :n false positive reactions when testing for the 
prasence af glucose in urine using Cinitest™. Benedicns Solution or 
ehiing s Solution it 13 recommended that glucose tests. based an en- 
zymatic glucose oxidase reactions (such as Climstix™ or Testape 7) be 
used Following adrunistration of ampicilin to pregnant women. a transient 
decrease in plasma concentration of total conjugates estriol. es- 
theigiucuropide. conjugated estrone. and estrachoi has been noted. This 





effect may also occur with UNASYN 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term stud- 
185 in animals Rave not been performed to evaluate carcinogenic or muta- 
enic potential 
regnanty 

Pregnancy Category B: Reproduction studies have been pertormedinmuce 
rats. and rabbits at doses up to ten (10) times the human dose and have 
revealed no evidence of impaired fertility or harm to the fetus due to 
UNASYN There are, however. no adequate and well controlled studies in 
Pregnant women Because animal reproduction studies are not always 
predictive of human ren this drug shouid be used during pregnancy 
only if clearly needed (See-— Drug/Laboratory Test interactions. } 
Labor and Delivery: Studies in guinea pigs have shown that intravenous 
administration of ampicillin decreased the uterine tone frequency of 
contractions. height of contractions and duration of contractions. How- 
ever. itis not known whether the use of UNASYN in humans during labor or 
delivery has immediate or delayed adverse effects on thetetus. prolongs the 
duration of iabor. or increases the hkelihood that forceps delivery or other 
obstetrical intervention or resuscitation of the newborn will be necessary. 
Nursing Mothers: Low concentrations of ampicillin and sulbactam are 
excreted in the miik: therefore. caution should be exercised when UNASYN 
1s administered to a nursing woman 
Pediatric Use: The etticacy and safety of UNASYN have not been established 
in infants and children under the age of 12 
ADVERSE REACTIONS 
UNASYN is generally well tolerated. The toliowing adverse reactions have 
been reported 
Local Adverse Reactions 

Pain at IM injection site-— 16% 

Thrombophiebitis — 3% 
Systemic Adverse Reactions 
The most frequently reported adverse reactions were diarrhea in Ie af the 
Patients and rash in iess than 2% of the patients 
Additional systemic reactions reported in less than 1°» of the patents were 
itching, nausea. vomiting. candidiasis. fatigue, maiaise, headache. chest 
pain. flatulence. abdominal distension. glossitis. urine retention dysuria 
edema. facia! swelling. erythema. chilis lightness in throat substernal 
pain, epistaxis and mucosal bleeding 
Adverse Laboratory Changes 
Adverse laboratory changes without regard to drug relationship that were 
reported during clinical tnais were 

Hepatic Increased AST (SGOT). ALT (SGPT). alkaline phosphatase. and 

H 


Pain at IV injection site -—3°o 


Hematolog Decreased hemogiobm. hematocrit. RBC. WBC. neu- 
trophis, iymphocytes, platelets and increased lymphocytes. mono- 

cytes. basophiis. eosinophils. and platelets 

Blood Chemistry: Decreased serum albumen and total proteins 

Renal: increased BUN and creatinine 

Urinalysis: Presence of RBC’s and hyaline casts m urine 
The following adverse reactions have been reported with ampicibn-ciass 
antibiotics and can atso occur with UNASYN 
Gastrointestinal: Gastritis. stomatitis. black hairy” tongue. enteraconts 
and pseudomembranous colitis 
Hypersensitivity Reactions: Urticaria, erythema muititorme, and an occa- 
sional case of exfoliative dermatitis have been reported These reactions 
may be controlled with antiustamines and, it necessary, systemic corticea- 
steroids. Whenever such reactions occur, the drug should be discontinued 
unless the opinion of the physician dictates otherwise. Senous and occa- 
sional fatal hypersensitwity (anaphylactic) reactions can occur with à 
penicillin (see WARNINGS) 
Hematologic: in addition to the adverse laborator changes listed above tor 
UNASYN. agranulocytosis has been reported urng therapy with pen 
‘citing. Ail of these reactions are usually reversible on discontinuation of 
therapy and are believed to be hypersensitivity phenomena 
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Nothing comes closer to 100% activity 

against anaerobes in vitro. It’s a fact. Studies have 

proved no other antibiotic superior to UNASYN in overall 
antianaerobic activity.’ Not 
clindamycin. Not metronidazole. 


“I used to think only two Nothihe, 


F d , aed And that’s nothing to overlook— 
th ıng sın life e were cert ain. given the importance of anaerobes in 
today’s mixed infections. 

Though clinical results may not 
always mirror those obtained in vitro, there’s a world of 
confidence in choosing UNASYN for presumptive therapy of 
the mixed infections* you see every day. 
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Go ahead. Live it up while you can. Eat anything and everything you wani, 
ucts to that extra measure of salt. But do it soon. Because poor eating b 
which can result in clogged arteries, a damaged heart, and an early d 
to eat sensibly. Avoid food high in fat, salt and cholesterol. Avoid eatin 
grave and let you live it up a little longer. 
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The Impact of Microinvasion on Axillary Node 
_ Metastases and Survival in Patients With 
_ Intraductal Breast Cancer 


: : dan H. Wong, MD; Kelly H. Kopald, MD; Donald L. Morton, MD 


© A rational approach to the local treatment of intraductal 
_._ breast cancer continues to generate considerable debate. How- 


ever, the finding of an invasive component in Intraductal breast 
ancer is widely regarded as an appropriate indication for axillary 
node dissection as part of the local treatment and staging of this 
_ disease. Despite this view, the natural history of patients with 
Intraductal breast cancer with foci of microinvasion is poorly 
‘defined. Between 1965 and 1988, 41 patients with this pathologic 
__ finding of intraductal carcinoma with foci of microinvasion 
were seen at the UCLA Medical Center. Twenty-three patients 
_ Presented with mammographic abnormalities, while 17 patients 
_. presented with a palpable mass. One patient presented with 


_ Paget's disease of the nipple. Thirty-three patients underwent 


_ axillary node dissection as part of their local treatment. No lymph 
_ node metastases were identified. The median follow-up in 37 
"patients was 47 months. There have been no local recurrences 
_ and no deaths from recurrent breast cancer, Intraductal breast 
_ Cancer associated with microinvasion appears to be an extreme- 
_ ly favorable lesion with minimal risk of nodal metastases. 

_ (Arch Surg. 1990;125:1298-1302) 


biology of human breast cancer has led to significant 
_ advances in the local-regional bein of this disease. Breast- 
_ Conserving surgery and radiation t erapy have proven to be 
__ valid alternatives to mastectomy in most patients with inva- 
_ Sive ductal breast cancer.'* However, considerable debate is 
_ still generated when clinicians are faced with defining a treat- 
_ Ment philosophy for the spectrum of breast cancer in which 
_ the natural history and biology of the disease process is less 


: A n increasing understanding of the natural history and 
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clearly defined. Such is the case for intraductal carcinoma of 
the breast for which the treatment can range from complete 
excision alone‘ to modified radical mastectomy. **" However, 
it would not be unreasonable to anticipate that the presence of. 
microinvasion in patients with intraductal breast cancer 
would lead to a biologic behavior similar to infiltrating breast 
cancer and therefore, would justify similar treatment recom- 
mendations, Little information exists concerning the natural 
history of the pathologic entity of intraductal breast cancer 
with foci ef microinvasion to support or negate this view. 

Data are lacking because intraductal breast cancer with 
microinvesion has generally been categorized with a spectrum 
of patholcgic entities that includes intraductal breast cancer 
and infiltrating breast cancer less than 0.5 cm in diameter. 
This group of diseases has most commonly been referred to as 
“minimal breast cancer.” Minimal breast cancer has been 
associatec with a relatively good prognosis with a reported 
overall axillary node metastases rate of approximately 5%.° 
However, the incidence of nodal metastases in patients with 
minimal breast cancer with invasion into the surrounding 
stroma has been reported to be as high as 31.5%." It is 
apparent that these histologic findings may represent a spec- 
trum of disease entities with different biologic behavior and a 
unique natural history. 

A survey conducted by the American College of Surgeons” 
identified approximately 10% of female breast cancers to be 
either in situ (1.9%) or minimally invasive carcinomas (8.4%). 
With the increasing use of screening mammography, a con- 
comitant increase is anticipated in the frequency with which 
these lesions will be diagnosed. To better define the natural 
history of intraductal breast cancer with microinvasion, we 
examined the presentation, treatment, and clinical course of 
patients with the pathologic diagnosis of intraductal breast 
cancer with microinvasion treated at the UCLA Medical Cen- 
ter. Our results gi dork that patients with this pathologic 
entity are at low risk for axillary node metastases and can 
anticipate an excellent survival. 


PATIENTS AND METHODS 
From 1967 through 1988, 2244 patients with carcinoma of the 
breast (intraductal, lobular carcinoma in situ, infiltrating ductal car- 
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Fig 1.~—Photomicrograph of intraductal breast cancer with foci of 
microinvasion. This figure represents largely an intraductal compo- 
nent of oreast cancer with only a microscopic finding of a few tumor 
calls invading beyond the basement membrane of two ducts (arrows) 
(hematexylin-eosin, original magnification x 100). 


cinoma. and infiltrating lobular carcinoma) were admitted to the 
UCLA Medical Center. The final pathologic diagnoses of these 2244 
patients were individually reviewed along with a computerized 
search of the UCLA Medical Center Department of Pathology data- 
base. We identified 177 patients (8%) whose final pathologic diagnosis 
was intraductal breast cancer. An individual review of each of the 
patholegic records of these 177 patients revealed 41 patients with foci 
of microinvasion in addition to intraductal breast cancer. These pa- 
tients form the basis of this analysis. These 41 patients need to be 
distinguished from the substantially larger populations of patients 
with infiltrating breast cancer in whom carcinoma cells are readily 
identified in the surrounding stroma. 

Patients in whom the lesion was identified by mammography un- 
derwent localization prior to biopsy. A standard technique was used 
in which the mammogrephic abnormality was identified and localized 
both by needle and with the injection of methylene blue dye. Follow- 
ing exzision, presence of the abnormality was confirmed with stan- 
dard specimen mammography. An excisional biopsy was performed 
when « palpable mass was present. 

Thedefinition of microinvasion ranges from a few cells penetrating 
the basement membrane to include tumors in which up to 10% of the 
specimen contains an invasive component.” The diagnosis of intra- 
ductal breast cancer with microinvasion, in this report, was based on 
the findings of breast cancer cells confined to the duct system of the 
breast with only a microscopic focus of malignant cells invading 
beyond the basement membrane of the duct as determined by light 
microscopy (Fig 1), and was made only after extensive sectioning of 
the specimen. This pathologie diagnosis needs to be distinguished 
from the term minimally invasive microinvasion, which has com- 
monly been applied to invasive breast cancer less than 1 cm in 
diameter.” It shoulé be emphasized that patients in whom the 


Arch 3Surg—Vol 125, October 1990 


40 


30 


20 


Patients, % 








61-70 >70 


<40 41-50 51-60 
Age, y 
Fig 2.— Age distribution of patients with intraductal breast cancer with 
foci of microinvasion. The mean age of patients was 54 years. 


biopsy diagnosis revealed intraductal breast cancer with microinva- 
sion but who, on complete removal of the lesions, had more extensive, 
infiltrating breast cancer, and patients with infiltrating breast cancer 
and areas of microinvasion, were excluded from this analysis, as were 
patients with the diagnosis of lobular carcinoma in situ with foci of 
microinvasion. 


RESULTS 
Patients 


Forty-one patients with intraductal breast cancer and mi- 
croinvasion were identified. These 41 patients represent few- 
er than 2% of all patients admitted to the UCLA Medical 
Center with the diagnosis of carcinoma of the breast during 
the study period. The patients were all women and ranged in 
age from 25 to 89 years (mean, 54 years) (Fig 2). 


Presentation 


The increasing use of screening mammography” has re- 
sulted in an increasing diagnosis of “early” breast cancer. As 
shown below, more than half of the patients diagnosed with 
intraductal carcinoma with microinvasion presented with 
mammographic abnormalities alone that prompted biopsy: 


Presentation No. of Patients 
Mammographic abnormality 
Microcalcifications 18 
Nonpalpabie mass 5 
Palpable mass 17 
Paget's disease 1 


Microcalcifications were the most common abnormalities. 
One patient presented with Paget’s disease of the nipple. The 
remaining 17 patients had palpable masses. The majority of 
these conditions were diagnosed prior to 1980. The palpable 
masses ranged from 1 to 4 cm (mean, 1.6 em) in diameter. 


Treatment 


Twenty-six patients underwent some form of mastectomy, 
as indicated below: 


Treatment No. of Patients 
Modified radical mastectomy 22 
Simple mastectomy 2 
Radical mastectomy 2 
Breast-conserving surgery 

and radiation therapy 9 
Local excision 1 
Whole breast irradiation 1 


Modified radical mastectomy was the most common 
dure. However, two patients underwent radical 
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and two underwent simple mastectomy alone. Nine patients 
underwent breast-conserving surgery, axillary node dissec- 
“tion, and postoperative radiation therapy. One patient under- 
went local excision alone, and another underwent whole 


-< breast irradiation alone. The use of mastectomy in the treat- 
¿ment of intraductal breast cancer with microinvasion was as 


common before the increase in data supporting the efficacy of 
breast-conserving treatment for invasive breast cancer’? as 


e after. Half the mastectomies were performed after the Na- 


tional Surgical Adjuvant Project for Breast and Bowel Can- 
cer protocol B-06 results were published.’ In contrast, the 
majority of patients undergoing breast-conserving surgery 
and radiation therapy did so after this report was published. 


Outcome 


The mean number of lymph nodes removed at the time of 
axillary node dissection was 25 (range, seven to 54), reflecting 
to some degree the extent of the axillary node dissection 
performed. No regional node involvement was identified in 
the 33 patients who underwent axillary lymph node dissec- 
_ tion. Four patients were unavailable for follow-up. The medi- 
-xuan follow-up of the remaining 37 patients has been 47 months 
(range, 18 to216 months). There have been no clinical axillary 
_ recurrences in patients who did not undergo axillary node 
dissection. Additionally, there have been no local recurrences 
in this group of patients. One patient died 10 years after 
. treatment for her intraductal breast cancer with microinva- 

: sion without evidence of recurrent breast cancer. No other 
patient died of recurrent breast cancer. 


COMMENT 


-> This report describes the outcome of patients with intra- 
_ ductal carcinoma who, on light microscopy, have a component 
of microinvasion. The results show that intraductal breast 
cancer with microinvasion has not been associated with nodal 

“metastases in our experience and is associated with an ex- 


_ tremely favorable prognosis. It should be emphasized that 


-intraductal breast cancer with foci of microinvasion is dis- 
|- tinetly different from those breast cancers classified as mini- 
mally invasive breast cancer, a term that has commonly been 
used to characterize invasive breast cancers smaller than 1 em 
in diameter." Our report does not attempt to address the 
question of accurately identifying this pathologic entity or the 
- potential sampling error when performing a biopsy of either 
palpable or mammographic abnormalities. Because there 
- were no deaths from breast cancer and no local recurrences, 
- no benefit can be attributed to any of the modalities employed 
: in treating this disease entity. 

The pathologic diagnosis of intraductal breast cancer with 
foci of microinvasion is based on the light microscopic evi- 
© dence of cancer cells beyond the basement membrane of the 
normal duct. The pathologic criteria for intraductal breast 
cancer with microinvasion and the guidelines for diagnosis are 
far from precise. Some have applied the term microinvasive 
breast cancer to describe invasive tumors smaller than 0.5 em 
~ in diameter,’ others to describe tumors smaller than 1.0 em in 
. diameter,”"*" and still others to describe certain histologic 
types of infiltrating cancer such as medullary, colloid, and 
_ tubular carcinomas.” Although the diagnosis is subject to the 
_ interpretation of the pathologist, it is apparent that following 
< extensive section of the specimen, a general consensus of this 
entity exists among our pathologists at UCLA. 
~The incidence of intraductal breast cancer with microinva- 
sion is difficult to determine, largely because it has been 
- grouped together with a number of pathologic entities under 

the term minimal breast cancer and to our knowledge, few 
institutions have had the opportunity to treat substantial 
numbers of these patients.” Our experience indicates that 
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intraductal breast cancer with microinvasion is a relatively 
uncommon finding, representing approximately 2% of all 
breast cancer admitted to the UCLA Medical Center. Per- 
haps forthis reason, the natural history of this entity has been 
poorly defined and has been assumed to have a biologic behav- 
ior similrr to the usual infiltrating breast cancer. Mammogra- 
phy remains the most sensitive technique for the detection of 
early breast cancer.” With evidence that detection of early 
breast cancer can influence outcome,” it is anticipated that 
with the increasing use of screening mammography the inci- 
dence o” mammographically identified breast cancers will 
increase 

Patients with intraductal breast cancer and microinvasion 
may present with either a palpable mass or mammographic 
abnormalities. Increasing tumor size has repeatedly been 
demonst-ated to be associated with a poorer prognosis as well 
as the presence or absence of nodal metastases.” However, 
a palpab-e mass seemed not to have an adverse impact on 
outcome in this series of patients, suggesting that the histo- 
logic characteristics of the tumor as intraductal breast cancer 
with only a focus of microinvasion is a more important prog- 
nostic feature than tumor size. 

The incidence of lymph node involvement in patients with 
intraductal breast cancer with microinvasion is unknown. It 
has been suggested to be up to 5% in the spectrum of disease 
included under the term minimal breast cancer, as high as 5% 
in intraductal cancer alone,’ and up to 31.5%" when “microin- 
vasion” is present. This later group may, in fact, include 
invasive treast cancer less than 1 em in diameter. However, 
increasing reports indicate that the incidence of lymph node 
involvement is substantially less. In our experience, lymph 
node invo.vement is uncommon in patients with intraductal 
breast carcer with foci of microinvasion. 

Determining the optimal local treatment for intraductal 
breast carcer with microinvasion from our data is not possi- 
ble, since we have not experienced any treatment failures 
during the follow-up periods. Patients in this series under- 
went a variety of surgical procedures, with the addition of 
radiation zherapy in certain instances without local recur- 
rence. The value of mastectomy in the local control of breast 
cancer and in intraductal breast cancer, in particular, has 
been well documented. Interestingly, a treatment philosophy 
for patien:s with intraductal breast cancer alone remains 
controversial although mastectomy is commonly recommend- 
ed as the prudent decision.” However, the presence of mi- 
croinvasion seems to justify conservative breast surgery, 
axillary node dissection, and radiation therapy as an alterna- 
tive treatment. The demonstrated efficacy of mastectomy in 
the treatmant of intraductal breast cancer seems to be direct- 
ly applicab-e to intraductal breast cancer with microinvasion, 
as are the results of prospective randomized trials comparing 
mastectomy and breast conserving surgery and radiothera- 
py.'” Our results suggest that the routine inclusion of lymph 
node dissection in the management of intraductal breast can- 
cer with mizroinvasion is not necessary. Because of the poten- 
tial sampliag error when performing a biopsy, however, a 
reasonable approach to this entity might be to perform a 
complete excision of the tumor. If the final pathologic evalua- 
tion of all tissue identifies an infiltrating carcinoma, an axil- 
lary node dsssection can subsequently be performed to evalu- 
ate what cencer stage the patient is in. It is apparent that 
evaluation ef current treatment, both local and systemic, is 
best done ir the setting of a clinical trial. 

Adjuvant chemotherapy has become an important compo- 
nent in the treatment of breast cancer.” Attempts are now 
being made to duplicate the benefits achieved with adjuvant 
chemotherapy in patients with nodal metastases in patients 
with node-negative breast cancer. This, however, remains an 
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area of continued controversy. It is apparent that in a disease 
entity in which the natural history remains poorly defined, 
there is no role for evaluating the impact of adjuvant chemo- 
therapy eutside of a clinical trial. In fact, our results suggest 
_ that the finding of foc: of microinvasion in patients with 
intraductal breast cancer is not ominous and the natural 
history of this histologic entity is more similar to intraductal 
breast cancer alone than invasive breast cancer. However, 
since the natural history of recurrent breast cancer extends 
well beyond the median follow-up of our report, continued 
long-term follow-up will be necessary to confirm our initial 
observations. These results, however, suggest that patients 


with intraductal breast cancer with microinvasion probably 
should be distinguished from those with invasive breast can- 
cer when examining outcome following adjuvant chemothera- 
py. A better understanding of the natural history and biology 
of breast cancer will ultimately lead to optimal treatment 
recommendations. 


This study was supported in part by grant CA 09010 from the National 
Institutes of Health, Bethesda, Md. 

Dr Wong is a recipient of the Cancer Development Reward from the Ameri- 
can Cancer Society. 
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Discussion 


R. MARK VETTO,MD, Portland, Ore: Not so long ago, derision 
greetec surgeons who suggested that a lumpectomy might be used to 
treat breast cancer. Perhaps this attempt to eliminate axillary dissec- 
tion in a specific class of breast cancer is the next step. 

However, the earlier tumors that we see today and the increasing 
ways is which we categorize them in terms of size, invasion, type, 
endocrine markers, flow cytometry, and extent of regional metasta- 
ses if any, have made the surgical management decisions much more 
difficult. Intraductal carcinoma without invasion is multifocal in 50% 
of the eases and will eventually recur as cancer in the same breast in 
30% to 50% of the cases. Intraductal cancer does not require axillary 
dissection, but nevertheless exhibits axillary metastases in 1% to 5% 
of patients. In our institution, intraductal carcinoma is commonly 
treated with local resection and radiation, and many of these patients 
qualify for the National Surgical Adjuvant Project for Breast and 
Bowel Cancer B-17 protocol. However, some of our patients undergo 
local resection alone, or total mastectomy, or occasionally modified 
radical mastectomy. 

At the other extreme, minimally invasive ductal cancers, usually 
detected by screening mammography, when not treated with modi- 
fied radical resection are treated with local excision, staging axillary 
dissecion, and breast radiation. The authors state that the incidence 
of axilary metastases in this group of patients is 5%, although others 
have reported a higher incidence. 

The authors propose to establish a new category of patients with 
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ductal carcinoma in whom the tumor is not intraductal and minimally 
invasive, but is microinvasive and has not exhibited axillary metasta- 
ses in the 37 cases presented. This is indeed a noble effort to eliminate 
axillary dissection, but there are several criticisms. 

Microinvasion is difficult to unequivocally establish and is subject 
to sampling error. Even intraductal in situ tumors have an incidence 
of axillary metastasis that may be related to missing an invasive area 
when cutting the specimen. Four of the 41 patients described were 
unavailable for follow-up, which represents a possible undiscovered 
recurrence rate of 10%. There is some question about the length of 
follow-up despite the median of 47 months, since nearly two thirds of 
the patients had a nonpalpable tumor that required localization and 
therefore must have been of a more recent origin. In fact, one of the 
patients was followed up for 18 months. 

On the positive side, if the incidence of axillary metastases with 
small ductal carcinomas is 5% or even 10%, for every 100 axillary 
dissections we do, 90 or 95 are not necessary. We certainly ought to 
try to do better than that. 

So the real question in my mind is whether we should continue to 
indiscriminately perform staging axillary dissection for small ductal 
cancers when physical examination of the axilla yields no results and 
other risk factors are absent. Dr Wong, I am very attracted to the 
notion that we ought to inch up te where we do not perform so many 
“negative axillary dissections,” and perhaps the identification of the 
microinvasive ductal tumor is the first inch. Certainly, it can be no 
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_ greater than an inch since tumors with the degree of invasion you 
+ deseribe represent only 2% of the breast pool at your institution. 
‘ BALAZS I, BODAI, MD, Carmichael, Calif: At Kaiser Permanente 
in Sacramento (Calif), we treat upwards of 400 breast cancers per 
year. We are currently doing about 25 000 screening mammograms 
annually, soon to reach 35 000. 

I see these patients, probably approximately one every other 
month. I do not know what my colleagues are seeing, but I have 
certainly been excited by this study to review our experience. 

Despite the fact that the recurrence rate is as low as it is, do you still 
offer all the options to the patient for the treatment of breast cancer? 
That is, from doing nothing, ie, observation, to performing a modified 
radical mastectomy, and where do you feel that their best choice 
would lie? Would your recommendations be tempered at all by the 
patient’s age, that is, would you recommend it for a 30-year-old 
woman as opposed to a 60-year-old woman? 

RICHARD P. SAIK, MD, La Jolla, Calif: The authors have a unique 

` sampling of 22 women who underwent mastectomy for minimal can- 
cer. I wonder if they reviewed the pathologic specimens to see if there 
were other foci of cancer or microinvasion in other areas of the breast. 

ARMANDO E, GIULIANO, MD, Los Angeles, Calif: Microinvasive 
‘cancer is invasive. The presentation would lead us to believe that 

intraductal and microinvasive are the same. Microinvasive cancer has 
“shown that it has the ability to penetrate the basement membrane 
- and metastasize. Along the spectrum of breast cancers, we know that 
the smaller the cancer, the less likely it is to have positive nodes. It is 
< gafe to assume that these are early lesions with a low incidence of 
`: positive nodes, but we should perform an axillary dissection. 
: A negative axillary dissection is not an unnecessary procedure. It 
‘tells you whether there are lymph node metastases or not. It is not 
therapeutic, but then again, the removal of microscopically positive 
“nodes may not be therapeutic. Are you really advocating that if a 
_-. Woman comes in with a palpable mass (as 17 of your patients did) and 
. she has microinvasion, we do not perform an axillary dissection? 
¿CLARE G. PETERSON, MD, Portland, Ore: Invasive cancer is 
invasive cancer. I have spent my life in surgery regretting the lost 
-Opportunities to contain small malignancies by adequate en bloc 
operations. There should not be much confusion about the fact that 
microinvasion of breast cancer with breakthrough of the basement 
membrane is truly invasive infiltrating carcinoma of the breast with 
all the metastatic capabilities of such a lesion. 
The message of this report, demonstrating microinvasion (small, 
early, invasive cancers) treated by en bloc procedures (total mastec- 
tomy or modified radical mastectomy), shows excellent survival re- 
- sults free of cancer at this time. 
~ This is vindication of the en bloc principle in the treatment of 
invasive breast cancer—the clinical arguments and dilemmas remain- 
Ing being related to the true staging of the cancer before operation, 
> and the extent and completeness of the en bloc resectional procedure 
`c; Carried out. I cannot agree with the categorical and contradictory 
< statement that, “in this setting,” axillary node dissection is 
unwarranted. 
: DR MORTON: Our data clearly indicate that axillary lymph node 
_ -metastases and recurrence are very rare in women who have microin- 
 Nasive intraductal carcinoma. Thus, if one can unequivocally make 
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such a Ciagnosis, axillary node dissection does not appear to be 
indicatec. We agree that this conclusion must be regarded as prelimi- 
nary unt] more data are accumulated. We cannot be dogmatic when 
the total number of such patients is only 41. None of these patients 
had either lymph node metastases or recurrence after a 47-month 
median observation period, and it is unlikely that larger numbers or 
longer follow-up will change this conclusion. Nevertheless, we chal- 
lenge you to review your own experience with this entity and prove us 
wrong. 

One important question that our study does not answer nor at- 
tempt to answer relates to the multifocal nature of breast intraductal 
carcinoma and the frequency with which the initial biopsy results will 
be interpreted as microinvasive intraductal carcinoma, and, after 
subsequent mastectomy, other areas of frankly invasive intraductal 
carcinoma will be found with examination of the entire breast. Such 
patients would not have been included in our review because we were 
searching for cases of intraductal carcinoma with microinvasion only. 
Therefore, we must know how frequently pathologic examination of 
the entire mastectomy specimen leads to a modification of the initial 
diagnosis. 

Recurrence time is inversely proportional to the size of the lesion. 
That is, a smaller lesion may take longer to recur than a larger one. 
We need data from more centers and a longer follow-up before 
changing cur routine treatment from a properly conducted procedure 
that treats the entire breast by mastectomy or a small procedure in 
which the entire breast is treated by radiation. This study never 
implies that the whole breast should not be treated. It only indicates 
that the patients with intraductal breast cancer and microinvasion 
have an excellent prognosis and a low incidence of axillary node 
metastases; all patients in this group except for one had treatment of 
the entire breast. Since we had up to 20 years of follow-up in some of 
our cases, Í doubt if longer follow-up will change the basic conclusion. 

Dr Bodai, we do discuss all options for therapy with the patients 
and advise mastectomy or local resection and radiation. Age cannot 
be a primary consideration in terms of such discussions; the elderly 
woman is aften as anxious to have breast preservation as a young 
woman. 

Dr Saik, we did not get out the 177 cases and go through the breast 
by serial sections to look for additional areas of microinvasion. We 
would not have included those cases in our review in which additional 
areas of frankly invasive carcinoma were found by the pathologists in 
the mastectomy specimens. 

Dr Peterson, it is important to point out that when no treatment 
failures occur, no benefit can be attributed to any treatment modal- 
ity. It does not support the en bloc principle, but rather, if anything, 
suggests the equivalent efficacy of “lesser procedures” in this patho- 
logic entity. 

Dr Giuliano, one has to either take the position that one will 
routinely perform an axillary dissection on every case such as this, or 
be committed to go back and do an axillary dissection if, on pathologie 
examination of the entire specimen, other areas of frank invasion are 
found. Until we know how frequently the diagnosis will be changed by 
examination of the entire specimen, it may be inappropriate to per- 
form an axillary dissection at the initial operation when this informa- 
tion may change the treatment plan. 
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Immediate Breast Reconstruction 


Following Mastectomy Is as Safe 


as Mastectomy Alone 


Adele L, Vinton, MD; L, William Traverso, MD; R. David Zehring, MD 


è We evaluated wound complications and potential risk fac- 
tors after mastectomy with immediate breast reconstruction and 
compared them with similar data after modified radical mastecto- 
my. The incidences of injection, seroma, hematoma, and epider- 
molysis were compared among 395 patients (305 with modified 

radical mastectomies and 90 with mastectomy with immediate 
_ breast reconstruction) from Virginia Mason Medical Center, Seat- 
tle, Wash, between 1983 and 1989. Obesity, age (60 years or 






< older), smoking, antibiotics, and wound drainage were examined 
as possible risk factors. There were more wound complications 
in the modified radical. mastectomy group (48% vs 31%), and 
“specifically, more seromas (30% vs 13%). In the modified radical 
mastectomy group, age of 60 years or older was associated with 
seroma and infection, drainage greater than 30 mL per day (at 
time of drain removal) with seroma, and smoking with epidermo- 
lysis. In the mastectomy with immediate breast reconstruction 
group, obesity was associated with seroma and epidermolysis. 
We conclude that mastectomy with immediate breast recon- 
struction appears to be as safe as modified radical mastectomy 
alone with respect to wound complications. 
{Arch Surg. 1990;125:1303-1308) 


< N/M astectomy with immediate breast reconstruction 

AYA (MIBR) has became an accepted procedure in the treat- 
ment of breast carcinoma. There have been several recent 
studies addressing the concerns related to immediate breast 

reconstruction, including the potential for compromise of can- 
cer cure and the issue of postoperative wound complications. 
All have concluded that MIBR is a safe and acceptable proce- 
dure in the treatment of breast cancer.“ 

However, to our knowledge, no study has compared in 
detail the incidence of wound complications after MIBR with 
those after modified radical mastectomy (MRM) alone, or 
addressed the possible risk factors for wound complications. 
This study examines the incidence of wound complications for 
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both procedures, and illustrates the safety of MIBR when 
compared with MRM alone. It also defines certain factors that - 
increase the incidence of wound complications following each 
procedure. f 


MATERIALS AND METHODS 


We reviewed the charts of 305 women undergoing MRM and 90° 
women undergoing MIBR with submuscular breast implants for 
breast cancer at Virginia Mason Medica! Center, Seattle, Wash, 
between January 1, 1988, and November 30, 1989. The following data 
were collected: age, sex, height, weight, stage of cancer, smoking 
history, type of operation, date of surgery, use of prophylactic antibi- © 


otics, volume of closed suction wound drainage, and complications © : 


(infection, hematoma, seroma, or epidermolysis). 

The incidences of infection, hematoma, seroma, and epidermolysis 
were determined for each group (MRM and MIBR) and complication 
rates for the two operations were compared. The incidence of each 
type of complication for subsets of cases with suspected risk factors 
for complications (obesity, smoking, and age 60 years or older) was 
determined. Then the complication rates of these patients at risk . 
were compared with the rates in patients not at risk. The use of. 
intravenous antibiotics immediately preoperatively was examined 
for association with wound infection, and the amount of drainage 
during the 24 hours prior to removal of the last drain was analyzed 
with respect to seroma rate. Variables were analyzed using the x" 
test, Fishers Exact Test, and Student’s i test, where appropriate. 
Differences were considered significant at P<.05. À 

For the purpose of this study, obesity was defined as body mass 


index ({weight in kilograms}/height in meters’) equal to 27.3 or _ : 


greater.’ Patients were grouped in the category of “gmoker” if they 
answered affirmatively to the question “De you smoke?” asked by the: 


nurse or physician evaluating the patient before surgery. Infection < 


was defined as any wound appearance that prompted treatment with ~ 
antibiotics, whether or not organisms were cultured. Epidermolysis 
was defined as any wound described as having some degree of skin 
necrosis. A seroma was any subcutaneous fluid collection, whether or 
not aspirated. A hematoma was any fluid collection described as a 
hematoma, or bloody (not serosanguineous) fluid obtained at the time 
of aspiration. 


RESULTS 
Modified radical mastectomies (n = 305) were performed by 
12 general surgeons at Virginia Mason Medical Center. Im- 
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Table 1.—Study Population Preoperative Data* 
: MRM (No.) MIBR (No.) 


(305) 49 (90)t 





Mean age, y 61 





































Age =60y 59% (305) 18% (90)t 
Obese 35% (260) 25% (72) 
Smoker 22% (304) 35% (90) 
Antibiotics 46% (305) 80% (90)t 






*MRM indicates modified radical mastectomy, and MIBR, mastectomy with 
immediate breast reconstruction. 
TP<.01, MRM vs MIBR. 


> À le 2.—Breast Cancer Staging* 


Tab 
Stage MRM, % (n =292) MIBR, % (n=72) 


: 0 4 13t 
aido 40 42 


*MRM indicates modified radical mastectomy, and MIBR, mastectomy with 
immediate breast reconstruction. 
+P<.01, MRM vs MIBR. 

















mediate breast reconstructions (n=90) were performed by 
four plastic surgeons; 72 (80%) of the MIBRs included in the 
study were performed by one plastic surgeon (R.D.Z.). Fifty- 
_ seven of these were performed using tissue expanders initial- 
__. ly before permanent implants. 

_.__ Study population preoperative data are shown in Table 1. 
_. Height and weight data were available for 260 (85%) of the 
_ MRM group and 72 (80%) ofthe MIBR group. Data regarding 
smoking history were available for 304 (99.7%) of the MRM 
group and 89 (99%) of the MIBR group. Age and prophylactic 
antibiotic use data were available for all patients. In the 
MIBR group (compared with the MRM group), significantly 
fewer patients were older than 60, and significantly more 


: received prophylactic antibiotics (cefazolin sodium or cefote- 
-< tan disodium). 


Staging of breast cancer in the two groups is shown in Table 
2 (using the TNM System, 1989). Significantly more patients 
had in situ carcinoma in the MIBR group. Data regarding the 
use of closed suction drains postoperatively are shown in 
Table 3. Closed suction drains were placed in all patients. Two 
drains (one beneath the flap and one in the axilla) were placed 
-in all MRM patients for whom drain data were available (flap 
_ drains, n = 286; axillary drains, n = 277). One drain was placed 
-in the axilla of all patients in the MIBR group for whom 
axillary drain data were available (n= 63). In addition, 12 
patients in the MIBR group had flap drains placed. The mean 
postoperative days on which drains were removed are shown 
in Table 3. Flap drains were left in place significantly longer in 
_ the MIBR group, and axillary drains were left in place signifi- 
cantly longer in the MRM group (P<.01 for both). The volume 
_ of drainage in the 24 hours prior to removal of the last drain is 
-also shown in Table 2, and was available in 174 of the MRM 
group and 48 of the MIBR group. There was no difference in 
mean volume of drainage in the 24 hours prior to removal of 
the last drain between the two groups. The number of pa- 
tients with volume of drainage greater than or equal to 30 mL 
in the 24 hours prior to removal of the last drain in each group 
was compared, and no significant difference was found. 
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Table 3.—Closed Suction Drain Data* 





MAM (No.) 





MIBR (No.) 







Flap dain out 
(mean PO Day) 


Axillar# drain out 






7 (286) 10 (12)t 






























(mean PO Day) 11 (277) 8 (63)t 
Last dain out, mL 

(mean volume last 24 h) 27 (174) 26 (48) 
Volume >30 mL/24 h 

whea drain out, % 24 (174) 17 (48) 





*MRM mdicates modified radical mastectomy; MIBR, mastectomy with 
immediate breast reconstruction: and PO, postoperative. 
tP<.01 MRM vs MIBR. 


Table 4.—Wound Complications* 


Any cornplication 








Hematema 
Epiderraolysis 
*MRM indicates modified radical mastectomy, and MIBR, mastectomy with 


immediate breast reconstruction. 
tP<.01, «ARM vs MIBR. 





Data regarding complication rates are shown in Table 4. 
Overall, there were significantly fewer complications and 
specificaly fewer seromas in the MIBR group. Data regard- 
ing risk factors for complications in both groups are shown in 
Tables 5 through 7. 

Table 4 reveals that in the MRM group infections and 
seromas oth occurred significantly more frequently in pa- 
tients aged 60 years or older, while age was not a significant 
risk factor for complications in the MIBR group. Obesity was 
not founc to be a risk factor for complications in the MRM 
group (Teble 6); however, it was a significant risk factor for 
both seroma and epidermolysis in the MIBR group. Table 7 
reveals that in the MRM group, smokers experienced epider- 
molysis more frequently, and in the MIBR group, smoking 
was not a risk factor for complications. 

The use of prophylactic antibiotics was analyzed with re- 
spect to infection in both groups. In the MRM group, 16% of 
patients who received prophylactic antibiotics developed in- 
fection as compared with 10% of patients who did not receive 
antibiotics. In the MIBR group, 14% of patients who received 
antibiotics developed infections, compared with 12% who did 
not receive antibiotics. Neither of these differences was sta- 
tistically significant. To determine whether antibiotic use 
influencec the incidence of wound infection in specific groups 
at risk, patients older than 60 years, smokers, and obese 
patients in the MRM group were analyzed separately. No 
difference.in infection rates was seen in any group whether or 
not antibietics were given. 

Cultures yielded organisms in 16 patients with infection 
(40%) in the MRM group, and two patients with infection 
(17%) in tae MIBR group. The difference is not significant. 
The remainder of infections in the two groups were described 
as wound erythema only, and may or may not have been true 
cellulitis. In those patients whose cultures yielded organisms, 
there was no significant difference in wound infection rates 
whether œ not prophylactic antibiotics were given. The or- 
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Table 5.—Risk Factor: Age =60 y* 






Age =60y Age <60y 
_srmenneaannementnentl aeeaeaiiy pramana enana 
MAM MIBR MAM MIBR 
Group Group Group Group 











Hematoma, % 
Epidermolysis, % 

*MRM indicates modified radical mastectomy, and MIBR, mastectomy with 
immediate breast reconstruction. No comparisons in the MIBR group were 
significant. 

Paot. 

+P<.05:for age greater than or equal to 60 years compared with age less 
than 60 years, 





Table 6.—Risk Factor: Obesity* 


Obese Nonobese 
Y omemmmeneniaanemmmammmns) 


MRM MIBR MRM MIBR 
Complication Group Group Group 


Group 
[iman tes r 
f 5 6 3 2 
: 1 38 14 8t 


















*MRM indicates modified radical mastectomy, and MIBR, mastectomy with 
immediate breast reconstruction, 

+P-<.05, obese vs nonobese. No comparisons were significant in the MRM 

Group. 


. ganisms yielded by cultures in the MRM group included 
Staphylococcus avreus in 11 patients, Staphylococcus epider- 
midis in two patients, enterococcus in one patient, yeast in 
one, and Pseudorzonas in one. Staphylococcus aureus was 
the only organism yielded in the two patients in the MIBR 
group with culture-positive infections. 

Volume of wound drainage in the 24 hours before removal of 
the last drain was analyzed as a risk factor for seroma in both 
groups. In the MRM group, 49% of patients with drainage 
volume greater than 30 mL in the 24 hours prior to removal of 
the last drain developed seromas, compared with 24% in 
patients whose drains were removed with drainage in the 24 
_ hours prior to removal of the last drain of 30 mL or less. This 
-difference is significant, with P<.01. In the MIBR group, no 
patient with drainage volume greater than 30 mL developed 
seromas, compared with 10% of patients with drainage vol- 
ume less than or equal to 30 mL in the 24 hours before drain 
removal. This difference is not significant. 

Complications related specifically to the breast prosthesis 
occurred in five patients (6%) in the MIBR group. Exposure 
of the breast presthesis occurred in one patient, requiring 
removal of the presthesis; near exposure occurred in another 
patient, but prosthesis removal was not necessary. One other 
prosthesis became dislodged, one deflated, and one removed 
secondary to exeessive pain at the patients request. This 
resulted in a prosthesis loss rate of 4%. 


COMMENT 


“To our knowledge, the percentage of patients having any 
-wound complication after MRM has not been previously re- 
ported. Other studies have reported the incidence of specific 


Arch Surg— Vol 128, October 1990 


Table 7.—Risk Factor: Smoking* l 

















Smoker 
MRM MIBR 
Complication Group Group 

















Hematoma, % 
Epidermolysis, % 
*MRM indicates modified radical mastectomy, and MIBR, mastectomy with 
immediate breast reconstruction. 
+P<.01, smoker vs nonsmoker. No comparisons were significant in the MIBR 
Group. 









types of wound complications for MRM or combined the com- 
plication rates for several types of breast surgery. Therefore, 
we are unable to compare our overall complication rate in the 
MRM group of 48% with other studies in the literature. No 
other study has analyzed in detail the wound complication 


rates for MRM compared with those for MIBR. One study a 


reported an overall wound complication rate for MIBR. 
Noone et al® found a wound complication rate of 24% in 185 


patients undergoing MIBR with either submuscular implants.. — 
or myocutaneous flaps. This is similar to our finding of an © 


overall complication rate of 31% in the MIBR group, 

Feigenberg et al’ reported wound complications in 100 
modified radical and 100 radical mastectomies. Ten percent of 
MRMs developed seromas, 4% developed infections, and 3% 
developed skin necrosis. Hayes and Bryan’ reported 100 Pa- ` 
tey mastectomies with an 18% infection rate, 9% epidermoly- 
sis rate, and 25% seroma rate. Corneillie et al reported 405 
MRMsg, 131 tylectomies or segmentectomies with axillary 
dissection, and 11 simple and 6 radical mastectomies. In the 
MRM group, infection developed in 1.3%, hematoma in 1.3%, _ 
epidermolysis in 2.9%, and seroma in 12.5%. Budd et al’ 
studied 19 total mastectomies, 38 modified radical, and 89 
radical mastectomies. In the MRM group, there were sero- 
mas in 16%, infections in 5%, hematomas in 3%, and skin 
necrosis in 32%. 

Feller et al' reported 100 mastectomies with immediate 
breast reconstruction and found a 2% infection rate and a 2% 
hematoma rate. Webster et al‘ evaluated 85 patients who 
underwent MIBR using both implant and flap reconstructions 
and found a 41% complication rate, a 14% infection rate, a 5% 
epidermolysis rate, and an 11% incidence of prosthesis loss. 
Frazier and Noone’ studied 70 patients undergoing immedi- 
ate breast reconstruction with submuscular prosthetic im- 
plants and found a complication rate of 8% and an infection 
rate of 4%. Noone et al’ reported the largest series, with 185 
patients (both prosthetic and flap reconstructions) and a 24% 
incidence of wound complications. Cellulitis occurred in 2%, 
seromas in 12%, epidermolysis in 15%, and prosthesis loss in 
4%. 

The current study shows, as have previous studies, that 
wound complications occur frequently in breast surgery. The 
wound infection rate in this study is higher than the expected 
rate of 1% to 5% for a “clean” procedure.” It is also higher than 
noted in most other studies. However, the definition of infec- 
tion used in this study includes many cases of “wound erythe- 
ma” treated empirically with antibiotics. The majority of 
cultures yielded Staphylococcus, suggesting that empiric 
coverage with antistaphylococcal drugs in the face of wound 
infection is appropriate. Interestingly, the use of prophylactic 
antibiotics in either the MRM or MIBR group did not result in 
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a significantly lower infection rate than nonuse and may be 
due to compromised blood flow to the skin flaps, causing 
erythema, or the small number of patients with infection 
available for comparison. This suggests, as in other “clean” 
procedures, that antibiotic prophylaxis may not prevent in- 
fection in breast surgery. However, it has been our practice to 
give prophylactic antibiotics to patients in whom a foreign 
body (breast prosthesis) is inserted. A recent prospective 
double-blind multicenter trial of prophylactic antibiotics in 
breast surgery found that the use of cefonicid sodium given to 
303 patients undergoing breast surgery resulted in a wound 
infection rate of 6.6%, while 303 patients receiving placebo 

had a significantly higher wound infection rate of 12. 2%." 
` Age was shown to be a risk factor for infection in a N ational 
Academy of Sciences study” of 11 690 clean surgical wounds in 
which patients aged 45 to 55 years (n= 2339) had a wound 
infection rate of 4.9%, compared with a wound infection rate 
of 7.2% in 1818 patients aged 65 years and older. Our study 
shows that age greater than or equal to 60 years is a risk factor 
for infection in the MRM group, and a trend is observed in the 
MIBR group as well. 

No risk factors could be identified for hematoma formation, 
which is probably a technical or comorbid-related complica- 
tion. The data of the current study reveal a significantly 
higher incidence of seromas in the MRM than in the MIBR 
group, in patients aged 60 years or older (MRM group), in 
those whose drains were removed prior to drainage decreas- 
ing to 30 mL in 24 hours (MRM group), and in obese patients 
(MIBR group). The 30-mL volume was chosen because most 
surgeons at our institution use it as a guideline for the timing 
of drain removal. The lower seroma rate in the MIBR group 
was probably related to the significantly younger age of the 
women in this group. The lower rate did not seem to be related 
to the length of time drains were left in place. Axillary drains 
were left in place for a significantly shorter time in the MIBR 
group than in the MRM group. The mean volume of drainage 
in the 24 hours prior to drain removal was the same in both 
groups. Tejler and Aspegren” analyzed 313 women after 


-` . MRM. The rate of seroma was not associated with the length 


of time drains were left in place. However, fewer seromas 
occurred when volume of drainage was less than or equal to 50 
mL in the 24 hours prior to drain removal (32%), compared 
with greater than 50 mL (68%). They also found a positive 
correlation between seromas and increasing age, as did our 
study. 

Our analysis of drainage volume as a risk factor for seroma 
revealed that in the MRM group, patients with drainage 
volume greater than 30 mL in the 24 hours prior to removal of 
the last drain had a significantly higher seroma rate (49% vs 
24%). This suggests that drains should not be removed until 
volume is less than 30 mL/d. We have no explanation for the 


higher incidence of seromas in the older age group, except 
that weunds in older patients are known to heal more slowly 
(ie, form a drain tract), and have qualitatively decreased 
inflammatory response compared with younger patients." In 
the MIZR group, eight of 48 patients had their drain removed 
when tne volume was greater than 30 mL per day, yet none 
developed seroma. More patients may be necessary in the 
MIBR zroup before speculation on the effect of the implant on 
seroma rate can be made. 

Obesity was found to be a risk factor for seroma within the 
MIBR group rather than within the MRM group. More obese 
women were in the MRM group and the rate of seroma was 
equal ir the MRM group among obese and nonobese women. 
We have no explanation for why a younger obese woman with 
an implant has a higher risk of seroma, but perhaps drainage 
should be maintained longer in these women until a tract has 
formed. 

The incidence of epidermolysis was significantly higher 
after MRM in smokers than in nonsmokers. Smoking has been 
shown ia both animal and human studies to result in decreased 
flap survival secondary to the vasoconstrictive effects of nico- 
tine on the cutaneous vasculature." In the MIBR group, 
obesity was the only factor found to be associated with a 
significently higher rate of epidermolysis. Say and Donegan” 
found that obesity and “large, fatty breasts” contributed to 
epidermolysis in cases of radical mastectomy; however, data 
in the literature with regard to obesity as a risk factor for 
wound complications following breast surgery are sparse. 

We have demonstrated a lower wound complication rate in 
patientsundergoing MIBR (31%) than in patients undergoing 
MRM (<8%), which could be attributable to younger age 
and/or the lower seroma rate in the MIBR group. Patients in 
the MIBR group were younger, received prophylactic antibi- 
otics mcre frequently, and had an earlier stage of breast 
cancer. The lower seroma rate is most likely due to increased 
pressure within the tissues from the breast prosthesis unless 
obesity is present. Our data suggest that MIBR is as safe with 
respect to wound complications as is MRM, witha smaller risk 
of seroma formation. 

Immediate breast reconstruction following mastectomy 
provides. women with breast cancer undergoing disfiguring 
surgery another option in their choices for therapy. It is our 
opinion tnat it should be offered to every woman undergoing 
MRM, particularly those who are not candidates for breast- 
conserviag treatments. The data presented here with regard 
to the incidence of wound complications following breast sur- 
gery and the factors increasing risk for those complications 
will assis: us to counsel our patients preoperatively, especial- 
ly with regard to the effect of smoking on wound healing. 
Guidance is also provided as to timing of drain removal as 
related tc drainage volume, age, or obesity. 
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Discussion 


H. STEPHENS MOSELEY, MD, Portland, Ore: In February 1980, 
Dr Robert Albo” and his colleagues described at this meeting 35 
patients who had undergone immediate reconstruction over a 7-year 
period. Their criteria for selection of patients were as follows: (1) 
lesion less than 2 em roentgenographically; (2) located in outer quad- 
rants; (3) no clinically positive nodes; (4) in general, age less than 40 
years; and (5) the mastectomy portion should be done by a surgeon 
with reconstruction done by a plastic surgeon. Several factors have 
led to the inereasing acceptance of immediate reconstruction in the 
last decade. Most important is that we are seeing earlier breast 
cancer. Lumpectomy, axillary dissection, and postoperative radia- 
tion therapy has become widely accepted. 

At Virginia Mason Clinic, MIBR is becoming a widely accepted 
procedure. How does this compare with lumpectomy, axillary dissec- 
tion, and radiation? 

I am surprised that seroma formation was twice as common in 
MRM than MIBR. Is this a function of the prosthesis acting as a 
reverse compression dressing, or is it related to the fact that older 
women have more seromas than younger women and more older 
women elected to have MRM? 

Even with liberal criteria, only 14% of MIBRs and 12% of MRMs 
developed “infection,” which is lower than many reports. Only five 
prostheses had to be removed and only two could be possibly related 
to infection and wound problems. What is the true infection rate in 
both groups? 

H. CLARK HOFFMAN, MD, Seattle, Wash: The number of patients 
who had in situ carcinoma, stage I, stage II, stage III, and stage IV 
carcinoma were 13%, 42%, 37%, 7%, and 1%, respectively. 
 Leonsider patients with intraductal carcinomas, stage I carcino- 
-mas, and maybe even very early stage II carcinomas (ie, a lesion that 
is just barely over 2.0 cmin size, both with clinically negative nodes) 
to be ideal candidates for immediate reconstruction. I discourage any 
of my patients who have an advanced stage II, stage III, or stage IV 
disease from undergoing immediate reconstruction. In this group of 
patients, I prefer to get. started with their chemotherapy or their 
hormone therapy a8 soon as possible and do not want to have any 
complicating factors arise from the immediate reconstruction that 
might delay this treatment. I usually advise them to wait at least 1 
year, and then decide whether they want to undergo reconstruction. I 
have real concerns that 37% of your patients were in stage II. 

The infection rate was the same in the modified mastectomy group 
who had prophylactic antibiotics as in those who did not. This fact 
strengthens my convicticn that these patients do not need prophylac- 


-Otic antibiotics. However, in the immediate reconstruction, with the 


"placement of prosthetic materials, all of these patients should be 
given prophylactic antibiotics to minimize the possibility of S epider- 
midis or S aureus infection. When the drainage is less than 30 mL, the 
drain can‘safely be pulled and will minimize seroma formation. I do 
not consider aspirating a few milliliters of seroma from the axilla a 
major complication. 

Since you have shown us that this procedure can be done with no 
increased risk of complication, are you going to offer it to every 
patient who presents with a carcinoma of the breast, and particularly 
those with advanced stage II, stage III, or stage IV disease? 

BALAZS I. BODAI MD, Carmichael, Calif: Is reconstruction done 
by tissue expanders? If not, are you worried about compromising 
your margins of resection to preserve your flaps? Do you have any 
data regarding the number of lymph nodes that were removed in each 
of the two groups? The more lymph nodes removed, the more chance 
you have of getting lymphedema, and a higher chance of developing 

-seromas. 

_ We remove the drains when the drainage declines to about 100 mL 
per 24 hours. Our seroma formation rate is in the range of 10% to 15% 
ina very large experience. Do you not believe that immediate recon- 
truction decreases the ability to detect recurrences? 
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STEPHEN J. MATHES, MD, San Francisco, Calif: Is the implant 
placed with complete muscular coverage? Does this muscular cover- 
age provide better muscle contact with the skin flaps? Does this. 
reduce the seroma rate? Does this muscular coverage avoid implant 
removal for infection? Have you compared secondary procedures. 
required in the MIBR group with those in the MRM group who have. . 
later elected breast reconstructive procedures? How does the quality 
of the results in delayed postmastectomy reconstruction compare: 
with the immediate reconstruction group? What has the satisfaction: 
level been in these two groups of reconstructed patients? E 

THEODORE X. O'CONNELL, MD, Los Angeles, Calif: I have three 
questions and concerns for the authors. Since the immediate recon- 
structive group was significantly younger, could this difference in age 
bias the observed complication rate? 

This article proves that reconstruction does not have a negative ` 
impact on mastectomy, but does mastectomy have a negative impact 
on the reconstruction with respect to the complication rate, cosmetic 
excellence, etc? To decide whether immediate or delayed reconstruc- 
tion is better, you need a third group of patients reconstructed at 6 to 
12 months. From this report, one cannot conclude that mastectomy 
does not hurt reconstruction. What is the impact of infection when _ 
you do have a prosthesis present? Is the infection much more serious, 
and much more difficult to take care of, requiring parenteral antibiot- 
ics, and even removal of the prosthesis? 

STEVEN N. PARKS, MD, Fresno, Calif: One of the comparisons 
that was not made was financial payor mix. Is the complication rate 
higher in those people who cannot afford to have immediate recon: 
struction? If we really have a lower complication rate, and if this is 
really a better way to doa mastectomy, maybe it would be better even 
if there is more extensive disease. It might be more cost-effective to. 
do the immediate implant on all of our patients including those ofa 
lower financial class. 

DONALD L. MORTON, MD, Los Angeles: In my opinion, the indica- 
tions for immediate reconstruction are questionable. Many of these 
women require continued revision of the prosthesis, so it is rarely 
done one time with no further procedures required. How many of 
your patients required additional operations related to the breast 
prosthesis or reduction mammoplasty on the other breast? 

The indications for breast reconstruction are psychological. It is 
the woman's self-image and concern for how she is going to be 
aecepted by her lover, her husband, her family, and society that make 
her very vulnerable during the period immediately before and after 
mastectomy. Thus, during this stress-filled period, almost all women 
indicate that they want to have reconstruction of the breast. As each 
month goes by, the patient realizes that she is still loved, that she is 
still desired, and her body image has not been totally devastated by 
this operation. She then begins to adjust to the altered body image. 
The proportion of women who want reconstruction drops with each 
postoperative month and levels off to only one in four or five women 
who eventually choose to be reconstructed. Until there is a properly 
paired study showing the psychological adjustment of women having 
immediate reconstruction vs delayed reconstruction that favors the 
immediate reconstruction group, this procedure should not be en- 
couraged. This procedure, if performed routinely, is going to add to 
the cost of medical care and is not going to achieve much in terms of 
additional psychological benefit. 

STEPHEN H. MILLER, MD, La Jolla, Calif: I am of the impression 
that these data do not show that reconstruction in patients with stage 
III or IV disease alters the ultimate course in these patients. Did the 
same surgeon perform the mastectomy in each case, and how many 
plastic surgeons were involved in the reconstructions? Could some of 
the differences have been due to differences in technique during the 
course of the mastectomy and/or reconstruction? 

DR TRAVERSO: Our desire to preserve feminine form and self- 
image is paramount in offering this procedure as an option to women 
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‘who have breast cancer, Do we compromise Halsteadian principles by 

trying to do immediate reconstruction? Does the silicone implant in 
:: itself cause cancer or increased infection? Does reconstruction delay 
adjuvant.therapy or compromise detection of recurrent cancer? Do 


we disseminate disease in locally advanced tumors by placing a 


- subpectoral implant with its larger dissection plane and therefore 
potentially contaminating the area where the implant goes? 

The Mayo Clinic group reported in the ARCHIVES" this year on 108 
patients with long-term follow-up after mastectomy and immediate 
breast reconstruction. Their analysis showed that an obligate num- 
ber of the patients had recurrences, but no more so than would have 
been expected with mastectomy alone. When they did recur, the 
prognostic factors for recurrence were the same, ie, larger tumors, 
positive nodes, and estrogen receptors. 
~~ . Dr Moseley, locally invasive cancer that invades the pectoralis 

major muscle, or is associated with grossly positive axillary nodes 
that might contaminate the new subpectoral dissection plane with 
tumor is a contraindication to reconstruction. 

Relative contraindications are body habitus that might not give a 
good cosmetic result. Smoking and increased age are also relative 
contraindications. The 18% infection rate was found in both groups. 
This is a higher infection rate than is published in the literature 
`- because of our liberal definitions. Only 17% of what we called wound 
-infections in the MIBR group had positive cultures, and 40% of the 
infections in the MRM group actually had positive cultures. 

Dr Hoffman, I would not rule out the use of MIBR for stage III 
tumors per se, but because of what I saw during the dissection. We 
offer the procedure to almost all patients based on what we see during 
the operation. Patients understand that immediate reconstruction 
may not be performed. However, there is nothing better for a woman 
than to emerge from anesthesia and see a preserved breast mound. It 
is a most troubled time for these unfortunate women, 

Dr Bodai, 57 of the 90 patients with MIBR had tissue expanders 
placed, and they all had successful final implants 3 months later. The 
number of lymph nodes that were removed in the MIBR group should 


: < niot be different from those in the MRM group because every one of 


these 44) women underwent standard mastectomy. Modified radical 
mastectomy followed with reconstruction should not have changed 
the number of lymph nodes removed. In review of the 1989 results at 
the Mason Clinic for breast cancer, only 20% of our patients had 
positive lymph nodes; this is much lower than the national average. 

Studies have shown that if the drain is removed before the volume 
falls belew 50 mL in the last 24 hours, there is a significant association 
with seroma formation. Patients need to develop a tract and they 
need to heal and seal the flap as well as the axillary dissection. If the 
drain is removed before these factors have been accomplished, the 
risk of seroma formation is increased. Our data suggest that age is a 
risk factor for seroma, and that obese women seem to have an 
increased risk of seroma after MIBR regardless of what the drain 
volume is when it is removed. 

Dr Methes, the muscular coverage was complete in all of these 
patients. Eighty percent of patients with the reconstruction had 
preoperstive antibiotics and the antibiotics were continued until the 
drains w2re removed in the MIBR group, but not in the MRM group. 
Approximately 40% of these women will request opposite breast 
reconstraction. Dr Morton, in regards to additional elective breast 
reconstraction, the follow-up of these patients with breast cancer is 
mandatory. They are never discharged from the medical system with 
or withoat reconstruction. Their participation in and additional ex- 
penses for medical care continue. 

Dr O'Connell, the younger age of the MIBR group may falsely 
lower the wound complication rate. We state that MRM and MIBR 
are equal in safety. We do not wish to make any claims that MIBR is 
safer. 

I agree with Dr Morton that a psychosocial comparison between 
the two groups has not been done, and it would be interesting, but the 
objectivity in the experimental protocol would be difficult to design. 
Dr Parks, I do not have any opinion on the financial-payor mix. Dr 
Miller, thre were 12 general surgeons performing mastectomies and 
4 plastic surgeons who did the reconstructions. One plastic surgeon 
did 80% o° the reconstructions, and this variable should be considered 
when youevaluate our results. 


The Hartmann Procecure 


“Tts usual, for cancer of the terminal portion of the pelvic color, to do an operation which is quite severe, 
the abdomino-perineal resection. In two patients who had had colcstomies after being obstructed, I have, as 
a second stage operation, resected the intermediate segment from the stoma to the rectum with its 
corresponding nerve supply. Then I have closed the proximal end of the rectum and I have reperitonealized 


it, leaving the perineum untouched. The postoperative course in both cases was as simple as that of our 
appendectomy. The preservation of a small subsphincteric rectal cul-de-sac has not created the slightest 
inconvenience. The patients are doing well after 9 and 10 months.” 





Commentary 


Henri Hartmann capsulized in six sentences (113 words) a precedure that would require six pages for 
modern writers! Current program committees would probably reject it even as an abstract. Brevity, however, 
has its virtues, Virchow once remarked that “Brevity in writing is the best insurance for its perusal.” The 
editor is indebted to M. Cristina Piancastelli, MD, for the translatien of Hartmann’s manuscript from French 


to English. 
Tue EDITOR 


1. Hartmann H. Chirurgie du rectum. Paris, France: Masson et Cie; 1931 
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Analysis of Potential Risks Associated With : 
7.5% Sodium Chloride Resuscitation y 


of Traumatic Shock 


Mary J. Vassar, RN, MS; Colleen A. Perry, RN; James W. Holeroft, MD 


e We evaluated the potential side effects of rapidly infusing 
250 mL of either 7.5% sodium chloride or 7.5% sodium chloride 
per 6% dextran 70, using lactated Ringer's as the control, to 106 
critically Injured patients in two prospective double-blinded 
emergency department trials. Eight patients had a significant 
» hyperchloremic acidemia in association with infusion of the hy- 
=. pertonic solutions, but all eight were moribund before infusion 
and: many factors other than hyperchloremia could have contrib- 
cuted to their acidemia. Other blood chemistry changes that might 
nave been associated with the hypertonic solutions, such as 
-hyperosmolality or hypernatremia, were made insignificant by 
other factors, such as high blood alcohol levels or concomitant 
administration of sodium bicarbonate. There were no cases of 
central pontine myelinolysis; bleeding was not potentiated. 
There was no difficulty with crossmatching of blood. No anaphy- 
lactoid reactions occurred. In a setting of limited volume resusci- 
tation, the solutions are likely to have a favorable risk-to-benefit 
ratio. 
(Arch Surg. 1990;125:1309-1315) 


H eerti saline, which is now usually combined with a 
a colloid volume expander to produce a typical 7.5% sodi- 
um chloride (NaCl/6% dextran 70 solution,’ can dramatically 
esuscitate animals that have been subjected to hemorrhagic 
shock, even when given in very small volumes. The hyperton- 
- ic saline-dextran 70 formulation also appears promising for 
‘resuscitation of trauma patients in the prehospital setting, 
-where intravenous administration of large volumes of fluids is 
impossible.“ The solutions, however, could cause several 
complications. A rapid increase in plasma osmolality or sodi- 
um concentration, especially ifsustained and if developing ina 
chronically debilitated patient with preexisting hyponatre- 
mia, could produce central pontine myelinolysis.° Rapid ex- 
pansion of the plasma volume without concomitant potassium 
replacement could produce hypokalemia,” which could cause 
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an arrhythmia. An increased plasma chloride concentration 
could produce metabolic acidemia that could compromise cat- 
diac function or cause arrhythmia. Rapid reestablishment of . 
blood volume and blood pressure combined with hyperosmo- 
lar shrinkage of an injured brain’” could precipitate intracra- 
nial hemorrhage” and potentiate nontamponaded bleeding, 
like that caused by penetrating injuries or by injuries to the 
spleen or to the intraperitoneal portion of the liver. uae 

We have now completed three prospective clinical trials 
and are conducting two more with hypertonic saline in trau 
patients. Of the five trials, three have been or are in t 
prehospital use of 7.5% NaCl/6% dextran 70; two have been i 
the use of hypertonic saline in the emergency department. 
These hospital-based trials, conducted under conditions of 
good lighting and in a setting where blood samples could be 
fairly easily obtained, have given us an excellent opportunity. 
to evaluate the potential side effects of using hypertonic saline 
solutions for the resuscitation of trauma patients. SERGE 

This report describes the results of our two emergence, 
department trials. Both were controlled, randomized, and 
double-blinded. The first compared conventional isotonic re- 
suscitation by lactated Ringer’s (LR-1) with that by 7.5% 
NaCl without dextran (hypertonic saline [HS]); the second. 
compared conventional lactated Ringer's (LR-2) with 7.5% 
NaC1/6% dextran 70 (hypertonic saline-dextran 70 [HSD]: 
The emphasis in this report is on an analysis of potential side 
effects of either HS or HSD resuscitation. 


PATIENTS AND METHODS 


Trial 1 

Fifty-nine injured patients were entered into a controlled, random- 
ized, double-blinded clinical trial that began in September 1986 and 
ended in April 1987. Patients with a systolic blood pressure of 90 mm 
Hg or less received as their initial resuscitation fluid 250 mL of LR-1 
or 250 mL of 7.5% NaCl (HS), which were administered over a period 
of 1 to 5 minutes in conjunction with additional conventional isotonic 
fluids (usually lactated Ringers) as the patient's condition war- = 
ranted. The solutions were prepared by the hospital pharmacy and 
hung in the emergency department in coded bottles, available for 
immediate use. The bottles were identical; none of the medical per- 
sonnel caring for the patients had knowledge of the treatment group. 
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Patients who appeared to be less than 18 years of age and pregnant 
Women were excluded from the study because an adverse side effect 
in.a child or in a pregnant women in 1986, early in our clinical 
experience, probably would have set back our clinical trials by several 
years. Patients with known severe preexisting cardiac, hepatic, or 
~ renal disease were also excluded. Venous blood samples and, in many 
cases, arterial blood gas measurements, were obtained shortly after 
infusion of the test solution was started, within 15 minutes in 75% of 
the patients. Laboratory data are reported only for those patients 
who had initial blind samples obtained within 30 minutes from the 
beginning of test solution infusion. Serum osmolalities were mea- 
sured by. freezing point depression in many cases but not always. 
When not measured directly, they were calculated by the following 
formula: 

Osmolality = 2(Sodium + Potassium) + (Glucose/18) 

+ (Serum Urea Nitrogen/6) + (Aleohol/5), 

in which serum concentrations of sodium, potassium, glucose, serum 
urea nitrogen, and alcohol are measured in millimoles per liter and 
nanomoles per liter, and osmolality is expressed as millimoles per 
Kilogram. Revised trauma scores” were calculated using the first 
_ Measurements obtained on admission to the emergency department. 
Injury severity scores were coded from descriptions of injuries 
found on physical examination or at operation, from radiology re- 
ports, and from autopsies in those patients who died (all deceased 
__ patients had autopsies). The incidence of central pontine myelinolysis 
and intracranial hemorrhage was determined from macroscopic 
neuropathologie descriptions. Scoring and injury assessments were 
‘done without knowledge of the patient’s treatment. 


Trial 2 


Forty-seven patients were entered into a second trial that was 

identical to the first except that the hypertonic solution was given ina 

_ 6% dextran 70 vehicle so that the final composition of the solution was 

7.5% NaCV6% dextran 70. In addition, the blood pressure entry 

criterion was lowered from 90 mm Hg to 80 mm Hg. The study ran 
from April 1987 to May 1988. 


Statistical Analysis 


. Data are presented as mean+SEM. Determination of differences 
between groups was made by a two-tailed Mann-Whitney test. Multi- 
ple linear regression was used for analysis of the continuous variables 
‘of osmolality, pH, and blood loss. Logistic regression was used in 
analyzing the effects of treatment group on mortality; significance 
was accepted at P<.05. Power calculations were made by the method 
-and tables of Fleiss.” 
ae The study was approved by the Human Subjects Review Commit- 
tee of the University of California, Davis. Informed consent was 
~ waived because of the inability to provide adequate information 
-before treatment needed to begin. 


RESULTS 


One hundred six patients were entered into the two proto- 
_ cols. Approximately 104 additional patients who met the 
blood pressure criterion were not entered during this same 
_ period: approximately 16 patients were excluded because 
_. they appeared to be less than 18 years of age; six patients 
_ were excluded because of pregnancy; six were excluded be- 
_ cause of preexisting cardiac, hepatic, or renal disease, as 
_ indicated by a Medic Alert bracelet or by the presence of 
__ ascites or pedal edema found on physical examination; and 76 
patients who met the criteria for the studies were not entered 
-~ because in the urgency of resuscitation, their physicians for- 
got about the protocol. 
_ The conditions of the patients entered into the two proto- 
cols are indicated in the Table. The four groups were compa- 
_ rable, but there was substantial variability within each of the 
four groups, as indicated by the large SEs. The mean injury 
severity score for the entire group was 29+2. Of the 106 
patients, 21 were under cardiopulmonary resuscitation when 
-— the test solution was first administered. The rate of adminis- 
< tration of fluids other than the test solutions (most of the 
patients had more than one intravenous catheter in place) 
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averaged 6.4+0.7 L/h. 

There were no significant differences in osmolalities be- 
tween the HS and HSD groups and their respective control 
groups at any of the time periods, but severe hyperosmolality 
with a serum osmolality of 350 mmol/kg was found in 20 of the 
patients with the first blood sampling (Fig 1). Five of these 20 
were in the LR-1 group, nine were in the HS group, three 
were in the LR-2 group, and three were in the HSD group. In 
18 of thase patients, the serum ethanol concentrations were 
39 nmol L or higher, accounting for at least 36 mmol/kg of the 
total osmolality. Repeated measurements (Fig 1) in 14 of 
these patients showed that the osmolality had decreased to 
less than 350 mmol/kg within 4 to 8 hours. In another patient 
in whorr repeated measurements were available, the osmolal- 
ity was ess than 350 mmol/kg within 24 hours, Ethanol con- 
centration and serum osmolality correlated well (= .47 : 
n=48; F<,001). 

Two of the 20 patients with osmolalities of 350 mmol/kg or 
more dic not have elevated ethanol levels. The first received 
HS and had an osmolality of 371 mmol/kg and an ethanol 
concentration of 4 nmol/L. The blood sample was obtained 1 
minute after the infusion. He exsanguinated before additional 
measurements could be obtained. The second patient was in ; 
the LR-2 group and had an osmolality of 357 mmol/kg, an 
ethanol ‘evel of 8 nmol/L, and a serum sodium level of 169 
mmol/L. He was under cardiopulmonary resuscitation and 
had received two intracardiac injections of 7.5% sodium bicar- 
bonate a: 5 and 3 minutes before the laboratory specimens 
were collacted. He died before additional measurements were 
obtained 

Of the 20 patients with initial extreme hyperosmolality, 
seven died. Autopsies in these seven showed no evidence of 
central pontine myelinolysis. (There was no evidence of cen- 
tral pontine myelinolysis in any of the 52 patients who died.) 

There were no significant differences in serum sodium 
concentrations between the experimental groups and their 
respective controls, but severe hypernatremia, defined as a 
sodium cencentration of 160 mmol/L or higher, was found in 
the first blood sample in three patients; one each in the HS, 
LR-2, and HSD groups (Fig 2). The HS patient with a serum 
sodium lavel of 167 mmol/L had a serum osmolality of 
363 mmol’kg and an ethanol concentration of 112 nmol/L. The 
4-hour sodium measurement was 154 mmol/L. The LR-2 pa- 
tient had a serum sodium level of 169 mmol/L and had re- 
ceived intracardiac sodium bicarbonate. (He was described 
above in the paragraph on hyperosmolality.) The highest 
serum socium level of 178 mmol/L was found in a nonsurviv- 
ing HSD patient who arrived in the emergency department 
under cardiopulmonary resuscitation with a hematocrit of 
0.07, an osmolality of 323 mmol/kg, and a pH of 6.48. 

There were no significant differences in the serum potassi- 
um concertrations during any of the time periods, but severe 
hypokalernia, defined as a potassium level below 3.0 mmol/L, 
was found in 10 patients in the first time period (Fig 3). No 
arrhythm:as were associated with the hypokalemia in any of 
the 10. Noarrhythmias developed in association with infusion 
of test solutions in any of the patients. With the exception of 
one LR-1 patient, all of the potassium concentrations re- 
turned to normal within 4 hours. 

The seram chloride concentrations in the HS group were 
significantly higher than those in the LR-1 group during the 
first samp ing period (106 + 1 vs 113 +2 mmol/L; P<.05), but 
this difference was resolved by the later time periods (Fig 4). 
Severe hyperchloremia, defined as a chloride concentration of 
120 mmol/L or higher, was found in a total of 11 patients in 
both studi2s; seven were found in the HS group, one in the 
LR-2 group, and three in the HSD group. One of the HS 
patients ded of exsanguination before additional measure- 
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Clinical Characteristics of Patients Receiving Lactated Ringer's in the First Trial (LR-1), 7.5% Sodium Chloride Without Dextran (HS), 
Lactated Ringer's in the Second Trial (LR-2), and 7.5% Sodium Chloride With 6% Dextran 70 (HSD) 





No, of patients/Age, y 
Mechanism of injury (blurt/penetrating), No. 
Revised traurna score 
injury severity score 
Patients receiving cardiopulmonary resuscitation when infusion started 


Patients with no obtainabie blood pressure (but not receiving 
cardiopulmonary resuscitation) 


Time frort injury:to start of infusion, min 
‘ Rate of fluid. administration in emergency department, L/h 
— Systolic blood pressure before infusion, mm Hg 
> Systolic blood pressure after infusion, mm Hg 
| Mortality, No. (%) 
Deaths caused by injury to central nervous system 
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Deaths caused by hemorrhage 








Deaths caused by mutiple organ failure 


Patients with intracranial hemorrhage 
No./Age, y 


10/28+8 








Revised trauma score 

Injury severity score 

Blood pressure before infusion, mm Hg 
Blood pressure after infusion, mm Hg 
No, of deaths 


Patients with nontamporiaded injuries 
No./Age, y 
No. with liver or spleen injuries 
Ne. with penetrating injuries 
; Revised trauma score 
“Injury severity score 
“Blood pressure betore infusion, mm Hg 
Blood pressure after infusion, mm Hg 
No. who had an operation 
Operative blood loss, L/h 





1.7+2.0 
48+6 
534142 
62+12 














No. with blood loss =1 L/h 
No. of deaths 


ments were obtained; in four of the HS patients, the severe 
hyperchloremia was resolved within 4 to 8 hours. In the 
“remaining two HS patients, the 4-hour chloride levels re- 
mained elevated at 125 and 139 mmol/L. The first of these two 
patients died at 6 hours of exsanguination; the second sur- 
vived, and the chloride concentration fell to 114 mmol/L at 24 
hours. The LR-2 patient with initial severe hyperchloremia 
(127 mmol/L) was: the patient described above who had a 
sodium level of 169 mmol/L and an osmolality of 357 mmol/L. 
Of the three HSD patients with initial severe hyperchlore- 
mia, one died before additional measurements were obtained; 
in. the second patient, the chloride was normal at 4 hours; the 
third patient died of exsanguination at 10 hours with a chlo- 
ride concentration of 120 mmol/L. 
< Thesystemic arterial pH in the HSD group was significant- 
ly lower than that in the LR-2 group during the initial sam- 
= pling period (7.06+0.07 vs 7.24+ 0.08, P<.05). This differ- 
— ence was resolved by the later time periods (Fig 5). In the 
- initial time period, severe acidemia, defined as a pH below 
7.20, was found ina total of 24 patients: two in the LR-1 group, 
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eight in the HS group, six in the LR-2 group, and eight in the 
HSD group. Sixteen of the 24 patients were either receiving 
cardiopulmonary resuscitation or had no obtainable blood 
pressure at the time of measurement; of these 16, 13 died. Of 
the 16, two were in the LR-1 group, four were in the HS 
group, four were in the LR-2 group, and six were in the HSD 
group. Of the remaining eight patients, the acidemia could be 
explained, at least in part, by either prolonged field times, 
prolonged hypotension in the field, hypothermia, decreased 
oxygen-carrying capacity of the blood (hematocrits of 0.20), 
or respiratory acidosis. (These data are available in tabular 
form from the authors on request.) 

Simple linear regression of pH vs chloride concentration 
showed a weak correlation (7 = .14; n= 45; P<.01), and eight 
patients were both severely acidemic (pH, <7.20) and severe- 
ly hyperchloremic (serum chloride concentration, 2120 
mmol/L). Of these eight, four were receiving cardiopulmo- 
nary resuscitation when the infusion was started, two were 
not receiving cardiopulmonary resuscitation but had no ob- 
tainable blood pressure, one was hypothermic (83.2°C), and 
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Fig 1.—Top, Serum osmolalities for initial blood samples. LR indicates 
lactated Ringer's; HS, hypertonic saline; and HSD, hypertonic saline- 
dextran 70. Closed and open circles represent values in patients who 
died and those who survived, respectively. There were no significant 
differences between the groups. Bottom, Osmolalities over 24 hours. 
The 0 hour values are the means and SEMs for the values depicted in 
e upper panel for 91 patients. Samples were available in 64 patients 
“at 4 hours, 55 patients at 8 hours, and 60 patients at 24 hours. Vertical 
bars indicate SEMs. 





Potassium Concentration, mmol/L. 











_ > Fig 3.--Potassium concentrations. Top, See legend of Fig 1 for expla- 
<- nation of symbols and abbreviations. Bottom, With three exceptions, 
: the numbers of samples available for analysis were the same as for the 

> sodium measurements. There. were no-significant differences be- 
~ tween the groups at any time. 
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Fig 2.— Serum sodium concentrations, Top, See legend of Fig 1 for 
explanation of symbols and abbreviations. Bottom, Samples were 
available n 88 patients at 0 hours, 64 patients at 4 hours, 55 patients at 
8 hours, and 60 patients at 24 hours. There were no significant 
differences between the groups at any time. 
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Fig 4.—Chioride concentrations. Top, See legend of Fig 1 for explana- 
tion of sympols and abbreviations. Bottom, The numbers of samples 
available for analysis were the same as for the sodium measurements. 
The chloride concentrations in the HS group were significantly higher 
than in the LR-1 group in the period after infusion (P<.05). There were 
no other sicnificant differences. 
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Fig 5.— Systemic arterial pH. Top, See legend of Fig 1 for explanation 
of symbois and abbreviations. Bottom, Samples were available in 52 
patients at. 0 hours, 64 patients at 4 hours, 52 patients at 8 hours, and 
53 patients at 24 hours. The pH in the HSD group was significantly 
‘lower than that in the LR-2 group in the initial period after infusion 
(P<.05), There were no other significant differences. 





ne had a hematocrit of 0.18. With multiple linear regression 

g into account not only chloride concentration, but also 

sion blood pressure, revised trauma score, injury se- 
verity score, cardiopulmonary resuscitation, time from inju- 
ry, and hematocrit), the correlation between pH and chloride 
concentration became insignificant (complete data sets were 
available for 45 patients). 

The blood pressure responses, as indicated by the increase 
in the systolic pressure from before the infusion to the first 
measurement made after the infusion ran in, were compara- 
ble between the groups (Table). There were no differences in 
overall survival between any of the groups by analysis of 

; Kaplan-Meier constructions (Table and Fig 6). The overall 
_ Mortality in the first study was higher in the HS group (53%) 
_ than in its corresponding control group (LR-1, 37%), but the 
difference was not statistically different. The mortality be- 
~ tween the two groups was equivalent during the first 7 days; 
the overall long-term difference was accounted for by seven 
_ late deaths in the HS group that were caused by multiple 
organ failure. The mortalities in the LR-2 group (54%) and 
HSD group (52%) were comparable. Mortality correlated by 
logistie regression with the revised trauma score (t =-3.2, 
P<.005) and with the injury severity score (t =2.3, P<.025); 

it did not correlate wizh the treatment group. 

The incidence ef intracranial hemorrhage was equivalent 
between the treatment groups in the two studies (Table). Of 

~ the 28 patients who suffered intracranial hemorrhage, there 

~ were no cases in which hemorrhage occurred in the absence of 

_ -elinical evidence for craniocerebral trauma. With the excep- 

> tion of one LR-2 patient, all of the patients in this category 
‘died. 

The Naber of patients with nontamponaded injuries, that 

-being any injury to the liver or spleen or any penetrating 
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Fig 6. — Survival in the four groups. Top, LR-1 and HS. Bottom, LR-2 
and HSD. There were no significant differences between the groups. 


injury to any part of the body, were comparable between the 
groups (Table). Although not statistically significant, the 
blood loss in the HS group was somewhat larger than that in’ 
the LR-1 group (2.1+0.8 vs 1.2+0.4 L/h). This apparently 
larger loss was accounted for by two HS patients who each 
had total blood loss of more than 15 L. The largest blood loss in 
the LR-1 group was 8 L. Blood loss was not associated with 
the addition of dextran 70 to the hypertonic saline solution. 
Blood losses in the LR-1 and HSD patients with nontampon- 


aded injuries were 2.3 and 2.4 L/h (Table). Blood loss corre- s 


lated, by multiple linear regression analysis, with the injury 
severity score (P<.007; n= 78); it did not correlate with the 
treatment group. There were no difficulties with crossmatch- 
ing of blood in any of the patients. There were no anaphylac- 
toid reactions to the dextran 70. 


COMMENT 


In summary, in two prospective trials in a hospital setting 
in which observation and opportunities for blood sampling 
were optimal, we could detect no adverse effects of rapidly 
infusing 250 mL of either 7.5% NaCl or 7.5% NaCl/6% dextran 
70; nor could we detect any beneficial effects, probably be- 
cause it was possible to gain large venous access quickly in 
these patients and infuse large volumes of fluid at rapid rates, 
an average of 6.4 L/h. The solutions will probably have their 
most prominent beneficial effect, if they are to have a benefi- 
cial effect at all, in those situations in which it is impossible to 
give large volumes of fluid, as in the prehospital setting for 
trauma patients. 

Many of the patients were hyperosmolar, but their hyper- 
osmolality was caused in many cases by high ethanol levels. 
There were no significant differences in the osmolalities be- 
tween the various treatment groups. Larger sample sizes 
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would be necessary to demonstrate a difference. For exam- 
ple, the osmolalities in the LR-2 and HSD groups were 
319 + 30 and 329 + 32 mmol/kg. Documenting the significance 
of a difference of this magnitude, assuming that the means 
and SEs remained unchanged, would require a series of 400 
‘patients in each group. Neither were there any significant 
differences between the serum sodium concentrations in the 
four groups. Documenting the significance of the observed 
difference would require individual group sizes of approxi- 


_ mately 60 patients each. 


There were significant differences in the serum chloride 
concentrations and systemic arterial pHs between the groups 
immediately after infusion, and there was a weak correlation 
between pH and chloride values. Severe acidemia, however, 
in all cases was associated with confounding preexisting clini- 
cal conditions other than hyperchloremia, such as cardiopul- 
monary arrest or hypothermia, and less severe acidemia was 
not associated with any adverse clinical events. All of the less 
severely acidemic patients had normal sinus rhythms and 
none showed signs of myocardial depression. In fact, hyper- 
tonic resuscitation in the setting of limited volume adminis- 
tration is associated with higher blood pressures than those 
obtained with lactated Ringer's resuscitation.’ 

Mortality was not significantly different between the 
groups, although the HS group’s mortality was higher than 
that in the LR-1 group. This difference was accounted for by a 
-` number of late deaths in the HS group, Documenting the 
-. significance of the observed difference in the overall survival 
rates would require approximately 180 patients per treat- 
ment group. We can think of no reason why 7.5% NaCl should 
cause late mortality. Mortality correlated with the revised 


trauma scores and injury severity scores (P<.05 for both 


scores) as expected. It did not correlate with treatment 


group. 
There was no evidence of potentiation of intracranial bleed- 


< ing. Neither were there any cases of central pontine myelino- 


lysis, but we excluded a few patients with the stigmata of 
severe preexisting disease from the trials. Central pontine 
myelinolysis has only been described with the rapid infusion 
of a hypertonic solution to chronically debilitated patients 
who then have had a prolonged period of hyperosmolality or 
hypernatremia. Our patients were probably at minimal risk 
because of their previous good health, in most cases, and 
because of the short duration of their hyperosmolality or 
hypernatremia (Figs 1 and 2). 


There was no evidence of potentiation of bleeding from 
nontarmponaded injuries. Bleeding was best explained by the 
injury severity scores (P<.007), not by treatment group. 
Rapid 2xpansion of the blood volume is unlikely to precipitate 
bleeding in a severed blood vessel if a clot has had adequate 
time to form; 15 or 20 minutes between injury and fluid 
adminstration should be enough. Nontamponaded lacer- 
ations of vessels that are too large to be occluded by a clot are 
likely to be fatal if medical help is not immediately available; 
few of these patients will be entered into trials with hyperton- 
ic salina. 

Last. there was no evidence of any side effects with the 
dextraa 70 component of the HSD solution.” Bleeding was not 
potentiated, probably because the total amount of dextran 70 
given tp these patients (15 g) was well within the recom- 
mended maximum daily dose of 1.2 g/kg of body weight”; 
neither did the dextran 70 interfere with crossmatching, 
probab'y because of advances in blood bank crossmatching 
practices.” Severe anaphylactoid reactions to modern dex- 
tran formulations are rare, an incidence well below one per 
1000 per unit infused” and, to our knowledge, have never 
been reported when the dextran has been used for acute 
resuscitation of trauma patients. 

The lack of adverse effects in these two emergency depart- 
ment studies is consistent with toxicology studies in ani- 
mals” and with accounts of patient resuscitation with hyper- 
tonic saine solutions.**”” If hypertonic saline resuscitation 
can be shown to benefit even a small proportion of patients, 
eg, in carcumstances in which large volume resuscitation is 
impossible, it should probably be added to the therapeutic 
armamentarium. On the basis of these and other studies, and 
on the basis of theoretical considerations, they appear to pose 
little or 10 danger to the great majority of patients (with the 
exception being patients with chronic debilitating disease). 
The risk-to-benefit ratio of hypertonic saline solutions in the 
trauma setting is likely to be favorable. 


This work was supported in part by grant 1 RO-1 GM 39508-01 from the 
National Institutes of Health. 

We thank Wayne Gannaway, PharmD, of the hospital pharmacy for prepar- 
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emergency zare for these patients. 

The University of California, Davis, has a patent pending on the use of 
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Discussion 


C. JAMES CARRICO, MD, Seattle, Wash: Dr Holeroft and his 
associates were not able to demonstrate any adverse effects when 250 
mL of one of these hypertonic solutions was the initial step in stan- 

dard resuscitation with isotonic fluids and blood components. Howev- 
er, neither were they abie to demonstrate any benefit from the 
administration of either hypertonic solutions under the conditions of 
the study: 

This raises several issues. Were the numbers of patients sufficient 
to show either benefit or potential hazard? The 106 patients were 
randomized into four groups of approximately 25 to 30 each. Do you 
have any idea of the power of the data? Had there been either a 
difference in benefits or in complications, and what is the probability 
that you would have been able to detect it? 

If we aecept the idea that, despite the potential for some statistical 
haggling, there was, in fact, no difference in complications or in 
efficacy; ne has to ask if this was a valid test. Since the total amount 
of hypertonic fluid administered was so small (compared with the 
remainder of the resuscitative fluid) that any benefit was disguised, 
would not any potential harm also have been disguised? The standard 

_ explanation of the benefit of these fluids is by their effect on osmolari- 
ty. Is there some other mechanism by which these fluids affect the 
circulatory system, or was the lack of impact on osmolarity presented 
the study related tothe lack of effect on the circulation? If you agree 
the atter answer, dic you really test the safety in any meaning- 

il fashion? 
“Last, you concluded that hypertonic saline seems to have no role in 
esuscitation in the hospital setting where large amounts of isotonic 
fluid and blood can be administered. You proposed, instead, that 
hypertonic solutions can be of benefit in circumstances in which only 
small volames are administered. Is that not the setting in which one 
should test safety as well? What can you tell us about safety in the 
prehospital setting? Of particular concern is what happens when 
multiple doses are admiristered. It may be easy to say that this 
should net happen, but we are all aware that under the difficult and 
sometimes desperate situations that occur outside of the hospital, it 
well migat. What are the limits of safe administration of hypertonic 
fluids to njured patients? What happens if those limits are excluded? 
| FRANZ R. Lewis, JR, MD, San Francisco, Calif: In comparing the 

"hypertonic group with the lactated Ringer's group in each of the two 

studies individually related to the amount of blood loss, you did not 

find a defference. Would it be valid to roll the two together and 
compare the hypertonic and the hypertonic dextran as one group with 
the lactated group? I suspect that would be statistically significant, 
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indicating that blood loss would be increased by the use of the 
hypertonic solutions. ae 
The question of resuscitation in prehospital care has been raised 
strongly in the last few months with Mattox’s work in the military 
antishock trousers suit showing that patients who have bleeding 
above the diaphragm are probably made worse by raising their blood i 
pressure. It has evoked a very old argument that goes back to the 
1930s and 1940s about whether patients with holes in blood vessels 
ought to be resuscitated before they are in a position where a clamp: 
can be put on the blood vessel. Your data would probably show that- 
the answer would be that we should not be resuscitating them in the: 
field. a 
C. JAMES CARRICO, MD, Seattle, Wash: It sounds like the seat 
belts are almost becoming the culprit in this deal. Certainly, thereisa o 
price for using seat belts, but I don't think there is any question that 
the benefit in terms of survival far outweighs the price. 
Dr Blaisdell told us what to do when the colon is devascularized and © 
what to do if it is perforated, but what is to be done when we find the 
colon with multiple areas of deserosalization? Should it be left alone or 















DR HOLCROFT: To demonstrate a difference in osmolality with | 
values that we obtained would require 400 patients per group. To 
achieve statistical significance for the differences in sodium would 
require 60 patients per group. We did detect statistically significant 
differences (P<.05) in the chloride and in the pH. 

Were these two trials valid for detecting abnormalities? Yes, pars. 
ticularly for detection of abnormalities that are likely to arise immedi- ° 
ately after the infusion of the solutions. These emergency department 
trials are ideal ways to get these answers, and these results demon- -< 
strate that the solutions do not cause dangerous abnormalities. In- 
terms of long-term complications and long-term survival, these trials 
do not answer the question. We have to wait until the prehospital 
trials are finished, which will be another 2 or 3 years. 

We have not given multiple infusions to any of our patients, al- 
though I think an occasional patient might benefit from an additional 
dose. 

Dr Lewis, if you lumped the two control groups together and 
compared their blood loss with that of the two hypertonic saline 
groups, the operative blood loss turned out to be a little bit less in the- 
hypertonic group. The total operative blood loss in the lactated ` 
Ringer's group with nontamponaded bleeding was 4 L. The blood loss 
inthe hypertonic group was 3.5 L. Dr Mattox’s hypothesis is interest- 
ing, but there are few data to support it of which I am aware. 
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«INDICATIONS ANO USAGE: TIMENTIN® is indicated in the treatment 
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: aciera Senton including bacteremia, caused by B-lactamase 
producing strains of Klebsiella spp., F coli, Staphylococcus aureus 
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Lowe : caused by B-lactamase producing 
strains of Staphylococcus aureus, Hemophilus influenzae and 
` Klebsiella spp: i : caused by Bactamase 

producing strains of Staphylococcus aureus. Skin and Skin Structure 
: : caused by B-lactamase producing strains of 
staphylococcus aureus, Klebsiella spp.. and £. coli. Uri 

jons (complicated and uncomplicated): caused by 6-lactamase 

producing strains of £ coll, Klebsiella spp., Pseudomonas aeruginosa 
{and other Pseudomonas species), Citrobacter spp., Enterobacter 
‘Gloacae, Serratia marcescens, and Staphylococcus aureus . 
a J ; Encometritis caused by 8-lactamase 
or ducing strains of B. melaninogenicus; Enterobacter spp. {including 

cloacae’), Escherichia coli, Klebsiella pneumoniae: Staphylococcus 
aureus, and Staphylococcus epidermidis. 
While TIMENTIN is indicated only tor the conditions listed above. 
infections caused by ticarcillin susceptible organisms are also 
“amenable to TIMENTIN treatment due to its ticarciliin content. 
“Therefore, mixed infections caused by ticarcillin susceptible organisms 
“and Q-lactamase producing organisms susceptible to TIMENTIN 
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ADVERSE REACTIONS: As with other penicillins, the following 
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discomfort, and anaphylactic reactions. Central nervous system: 
headache, giddiness, neuromuscular hyperirritability or convulsive 
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‘Smell, stomatitis, flatulence, nausea, vomiting and diarrhea, epigastric 
pain; Hemie and Lymphatic systems: throm ocytopenia, leukopenia, 
Neutropenia, eosinophilia and reduction of hemoglobin or hematocrit. 
Prolongation of prothrombin time. and bleeding time. Abnormalities 
“of hepatic and renal function tests: elevation of serum aspartate 
aminotransferase (soon), serum alanine aminotransferase (SGPT), 
serum alkaline phosphatase, serum LDH, serum bilirubin. Rarely, 
transient hepatitis and cholestatic jaundice-as with some other 
penicillins and some cephalosporins. Elevation of serum creatinine 
and/or BUN, hypernatremia. Reduction in serum potassium and uric 
acid, Local reactions: pain, burning, swelling and induration at the 
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‘The molecular weight, degree of protein binding and pharmacokinetic 
profile of clavulanic acid together with information from a single 
patient with renal insufficiency all suggest that this compound may 
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‘egation and prothrombin time and are more likely to occur in 
patients with renal impairment. If bleeding manifestations appear, 
TIMENTIN treatment should be discontinued and appropriate therapy 


tituted, 
< TIMENTIN has only rarely been reported to cause hypokalemia. 
Periodic monitoring of serum potassium may be advisable in patients 
receiving prolonged therapy. : 
Pregnancy (Category B): Reproduction studies have been 
performed in rats given doses up to 1050 mg/kg/day and have 
tavealed no evidence of impaired fertility or harm to the fetus due to 
TIMENTIN. There are, however, no adequate and well-controlled 
studies in pregnant women. Because animal reproduction studies are 
sot always predictive of human response, this drug should be used 
ae pregnancy only if clearly needed. 
DOSAGE AND ADMINISTRATION: TIMENTIN should be 
idministered by intravenous infusion (20 min.}. Usual recommended 
jose for systemic and urinary tract infections for average {60 kg) 
adults is 3.4 Gm TIMENTIN (3.1 Gm vial containing 3 Gm ticarcillin 
ind 100 mg clavulanic acid) pss every 4 to § hours. For gynecologic 
nfections TIMENTIN should be administered as follows: Moderate 
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severe infections 300 mg/kg/day, based on ticarcillin content, in 
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he recommended dosage is 200-300 mg/kg/day, based on ticarcillie 
sontent, given in divided doses every 4 to 6 hours, In urinary tract 
pfections, a dosage of 3.2 Gm TIMENTIN (3.2 Gm vial containing 3 
3m ticarcillin and 200 mg clavulanic acia) given every 8 hours is 

equate. Please see official package insert tor details on dosages for 
ither patients, including those with renal insufficiency, and directions 


or-use. 
SUPPLIED: 3.1 Gm and 3.2 Gm Standard Vials; 3.4 Gm and 3.2 
am Piggyback Bottles; 31 Gm Bulk Pharmacy Package: 3.1 Gm ADD- 
fantage™ Antibiotic Vial. l 
‘Efficacy tor this organism in this organ system was studied in fewer 
han 10 infections.  7548/H-BS ©1989, Beecham Laboratories 
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FIRST, YOU CAN'T 
SWALLOW. 


THEN YOU CAN'T 
SPEAK. 


FINALLY, YOU CAN'T 
BREATHE. 


You have ALS — “Lou Gehrig’s disease.” 

Gradually, you'll become unable to walk or use your hands. 
You'll find yourself drooling. Your reflexes will disappear. 

Your mind, however, will remain completely clear, leaving 
you a frustrated prisoner in a body you can’t control. 

ALS is a fatal neuromuscular disorder that attacks adults 
in the prime of life. Right now, no cure is known. But the Muscular 
Dystrophy Association has launched an all-out assault.against 
this dread disease. 

MDA has developed the world’s largest integrated ALS 
research and patient services program. The Association has 
established five major ALS research centers and maintains some 
230 clinics to help people with ALS and other neuromuscular 
disorders. And MDA is the only voluntary 
health agency that provides patients with a 
wide range of medical care and equipment 
free of charge. 

You can help MDA fight ALS and 
dozens of other neuromuscular disorders 
by making a tax-deductible donation to 
the Association. You can even specify that 

our check is to be used exclusively to 
enefit ALS patients. 

There are 20,000 ALS patients in 
America who can't write checks or even 
read this ad out loud. Please send your Lou Gehrig 
contribution to MDA today. Yankee's Hall-of-Famer 


Muscular Dystrophy Association, Jerry Lewis, National Chairman 
























To make a donation or bequest to MDA, or for more information on MDA and ALS, write to: 
Muscular Dystrophy Association, 810 Seventh Avenue, New York, NY 10019. 
Or contact your local MDA office. 


MDA @ is a registered servica mark of Muscular Dystrophy Association, inc. 




















- Blunt Intestinal Injury 


Keys to Diagnosis and Management 


` David H. Wisner, MD; Yong Chun; F. William Blaisdell, MD 


e -six patients with blunt intestinal injury seen during 39 
months were reviewed for keys to diagnosis and treatment. Mo- 
tor vehicle accidents were involved in 80% of the cases and 
seat/lap belts were in-use 69% of the time. Blunt intestinal injury 
was the only abdominal injury in 70% of the cases. There were 42 
perforations and 20 devascularizations; multiple injuries were 
common (27%). Abdominal tenderness was present on admis- 
sion in 43 of 44 patients-In whom a reliable examination was 
possible. Peritoneal lavage was positive in 13 (93%) of 14 pa- 
_ Hents. Computed tomography was falsely negative in three of 
four instances in which it was used. Perforations were most 
common inthe upper and lower ends of the small bowel and in the 
sigmoid colon; devescularizations were most common in the 
; distal ileum and sigmoid colon. Resection/anastomosis was per- 
formed in 38% of small-bowel perforations and in all small-bowel 
devascularizations. Resection/diversion was required in most 
colonic perforations {five of six patients) and devascularizations 
(four of six patients). There were five deaths (9%), none due to 
intestinal injury. There were seven complications related to in- 
testinal injury. Diagnostic delay occurred in two Patients; both 
had resultant morbicity. Blunt intestinal injury is associated with 
physical findings in conscious patients. Peritoneal lavage 
should be used when tenderness cannot be evaluated. Timely 
operative intervention minimizes morbidity and hospital stay. 

(Arch Surg. 1990;125:1319-1323) 


z I ntestinal perforation or devascularization from blunt trau- 
_ A ma is an infrequent but serious injury. A number of series 

have reported on the frequency, characteristics, and treat- 
ment of blunt injuries of the intestine.“ Many of these series 
are small or collections of experience from a number of cen- 
ters. The definitior: of blunt intestinal injury (BID has varied, 
including in some series serosal tears of the bowel and mesen- 
teric hematomas that did not require surgery. Most series 
have concentrated on bowel perforations and have included 
few or no cases of bowel devascularization. Some have empha- 
sized the importanee of seat belts in the development of BII 
while others have found little correlation. 
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There is little disagreement about the need for rapid diag- 
nosis and surgical treatment of blunt perforations or devascu- 
larization of the bowel, but much less consensus about how to 
make the diagnosis.***”** The relative merits of the physical 
examination, serum amylase determination, peritoneal la- 
vage, and computed tomography are a matter of debate. 

We retrospectively reviewed our recent experience with 
Bllsat a single institution with a high volume of blunt trauma 
injuries in an attempt to answer the following questions: (1) 
How frequent is serious BII at a trauma center where the 
majority of patients are seen primarily rather than in transfer 
from other institutions? What are the relative frequencies of 
perforation and devascularization of the small bowel and colon 
injuries? (2) How often does BII occur as the only injury thata 
patient suffers or as an isolated abdominal injury? (8) How 
important are seat belts as a possible causative factor in BII ? 
(4) What are the keys to the diagnosis of BII? 


MATERIALS AND METHODS 


The University of California, Davis, Medical Center, Sacramento, 
is a level I trauma center serving northern California, The trauma, 
registry was used to review all patients with a blunt mechanism of 
injury admitted to the hospital during the 39-month period between 
April 1986 and August 1989. 

Significant BII was defined as either bowel perforation or devaseu- 
larization injury serious enough to require bowel resection. Mesen- 
teric hematomas and lacerations were not included unless they re- 
quired resection. Serosal tears, even if repaired, were also excluded. 

Cases of significant BI were reviewed for the mechanism of inju- 
ry, associated injuries, indications for abdominal exploration, opera- 
tive procedures performed, postoperative complications, and dis- - 
charge disposition. Vital signs, physical findings, roentgenograms, 
and laboratory results were also reviewed. The nature and location of 
the intestinal injuries were recorded. The use of seat-belt restraints 
at the time of injury was also noted when this information was 
available. 

When computed tomography was used, double-contrast seans us- 
ing intravenous and oral (or nasogastric) contrast were performed. 
Where appropriate, values are reported as the mean + SEM. 


RESULTS 


Fifty-six patients fit the review criteria for the study, 
amounting to 0.7% of the total blunt trauma admissions dur- 
ing the review period and a mean of 1.4 patients per month. 

Forty-two patients suffered perforations and 20 had devas- 
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Table 1.— Associated injuries 

































Injury No. (%) of Patients 
Extra-abdominal 
Rib/sternal fracture 18 (32) 
Pelvic fracture 11 (20) 
Cerebral concussion/contusion 10 (18) 
Upper extremity fracture 10 (18) 
Lower extremity fracture 9 (16) 
Facial laceration 8 (14) 
Lumbar spine fracture 7 (12) 
Clavicle fracture 4 (7) 
Basilar skull fracture 3 (5) 
Cervical spine fracture 3 (5) 
Facial fracture 3 (5) 
Urethral disruption 2 (4) 
Spinal cord contusion 1 (2) 
Subdural hematoma 1 (2) 
intra-abdominal 

Liver laceration 14 (25) 
Splenic rupture 8 (14) 
Bladder rupture 2 (4) 
Diaphragm rupture 2 (4) 
Kidney rupture 1 (2) 
Kidney devascularization 1 (2) 
Pancreatic transection 1 (2) 
Gallbladder avulsion 1 (2) 
tiac artery disruption 1 
Superior mesenteric vein tear 1 





|. eularizations. The sum of the two types ofinjuries was greater 
>. than the total number of patients because both perforation 

and devascularization injuries occurred in six patients. There 

were also nine cases in which multiple intestinal perforations 

occurred. In all, 15 patients (27%) had multiple intestinal 

injuries. 

No associated injury of any kind, either extra-abdominal or 
intra-abdominal, was present in six patients (11%). The most 
common associated injuries in the remainder of the patients 
were thoracic wall trauma, pelvic fractures, closed head inju- 
ry, and extremity fractures (Table 1). 

Blunt intestinal injury was the only intra-abdominal injury 
> found at exploration in 39 (70%) of 56 patients. In the remain- 

ing 80%, injuries to the liver and spleen were the most com- 
mon associated intra-abdominal injury (Table 1). 

Head injury was present in 10 patients (18%) and included 
five concussions and five cerebral contusions. All were due to 
motor vehicle accidents. Seat belts had been in use in five of 
the seven accidents in which the seat-belt status was known. 
2: There were seven lumbar spine fractures, five in motor vehi- 

> ¢le-accident victims. Seat belts were in use in four of these 
five accidents. 

Mechanisms of injury varied, but the majority of patients 
were involved in motor vehicle accidents (Table 2). The per- 
centage of patients with BIIs that occurred in motor vehicle 

accidents was higher than for the blunt trauma population as a 
-whole (80% vs 51%). Of the patients injured in motor vehicle 
accidents, their status as drivers or passengers was known in 

48 of 45 cases; 26 (60%) of these 43 were drivers. Whether the 
patient was using a seat belt at the time of the injury was 

-< documented in 32 (71%) of the motor vehicle accident cases. A 
restraint was in use in 21 (66%) of these 32 cases. This com- 
pares with a 22% rate of seat-belt use for all victims of motor 
vehicle accidents admitted to our institution. 

Results of the physical examination of the abdomen done on 
-< admission to the emergency department were documented in 
44 patients. Abdominal tenderness was present in 43 (98%) of 

» patients, and in 26 (60%) of these 43 patients it was diffuse. 
The admission abdominal examination results were not re- 
corded in 12 patients. Of these 12 patients, nine had a Glasgow 
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Table 2.—Mechanism of Injury l 





No. % of % ot Patients 
Patients With With 
Blunt intestinal All Blunt 








Mechanism 
Motor vehicle 
Motor vehicle vs pedestrian 
Motorcycle 

Assault 


Injury Trauma 









































coma scale score of less than 8, one was a 2-year-old child, one 
had received a paralytic agent, and one was a paraplegic. A 
rectal examination was performed on admission in 41 patients 
and the results were positive in only two patients (5%). 

Peritoneal lavage was carried out in 14 patients and was 
positive in 13 (93%). In nine of these patients, the lavage was 
grossly positive for blood’ or feculent material.’ In the remain- 
ing four patients, the red blood cell count in the lavage fluid 
was greater than 100 x 10°/L in two patients and the white 
blood cell count was greater than 0.5 x 10"/L in all four pa- 
tients. Of these four patients in whom the diagnosis of intesti- 
nal injury was made with cell counts, three had perforations of 
the jejunum and one had a devascularization of the colon. The 
lavage amylase concentrations in the three patients with 
jejunal perforation were 131 U/L, 59 U/L, and 3 U/L. 

Peritoneal lavage results were falsely negative in one pa- 
tient. In spite of a perforation of the transverse colon, the red 
blood cell count was 0.41 x 10”/L, the white blood cell count 
was 0.025 x 10"/L, and the lavage amylase value was 3 U/L. 
The patient eventually underwent exploration because of 
persistent abdominal pain and tenderness. 

The mean (+SEM) serum amylase value on admission was 
83+ 11 U/L for all patients. The mean value for patients with 
perforation (85 + 13 U/L) was not significantly different from 
that for patients with devascularization injuries only (79+ 
24 U/L), although 10 of the 13 patients with abnormally high 
serum amylase concentrations (100 U/L) on admission had 
perforation injuries, and only three had devascularization 
injuries. 

Computed tomography of the abdomen was performed in 
four patients, and was positive for intra-abdominal fluid in one 
patient with both a jejunal perforation and a sigmoid devascu- 
larization scanned shortly after admission. The other three 
scan results were interpreted as normal. All three patients 
had small-bowel perforations. Two were scanned within 
hours of admission and one was scanned on the second hospital 
day. All eventually underwent exploration because of persis- 
tent and increasing abdominal findings. 

Findings on physical examination were the most common 
indication for abdominal exploration (Table 3). Many patients 
had more than one indication for exploration. There was only 
one case of duodenal perforation (Table 4). Small-bowel perfo- 
rations tended to occur in the proximal jejunum or distal 
ileum. Colon perforations showed a predilection for the sig- 
moid colon. Devascularization injuries were evenly distribut- 
ed between the small bowel and the colon, with the prepon- 
derance of injuries concentrated in the distal ileum and 
sigmoid colon. 

Two patients had delays in diagnosis of longer than 2 days. 
One was a 2-year-old child involved in a motor vehicle acci- 
dent. Results of an abdominal computed tomographic scan 
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Table 3.—Indications for Abdominal Exploration 


No. (%) 
of Patients 





indication 













Abdominal tenderness 41 (73) 
“Hemodynamic instability 15 (27) 
“Positive peritoneal lavage results 13 (23) 

< Falling hematocrit 7 (12) 
‘Open pevic fracture/perineal laceration 2 (4) 






Positive computed tomographic scan results 1 (2) 





performed shortly after admission were negative. The pa- 
tient required exploration on the seventh day after injury 
because of abdominal tenderness and distention. A perfora- 
tion of the distal ileum with peritonitis was discovered, and 
that segment of the ileum was resected with proximal diver- 
sion. This postoperative course was complicated by fascial 
dehiscence and a pelvic abscess. 

The other prolonged delay in diagnosis was in a 22-year-old 
male crushed ina tractor accident. A laparotomy done shortly 
after admission revealed a hematoma and contusion of the 
transverse colon, which were treated conservatively. Three 
and one half weeks later the patient returned to the operating 
room and underwent resection of that segment of the colon 
because of persistent gastrointestinal bleeding and diarrhea 
secondary to devaseuiarization. Small-bowel perforations 
were repaired 58% of the time. The remainder required either 
resection and primary anastomosis (38%) or resection with 
diverting ileostomy (4%). All small-bowel devascularizations 
were resected with primary anastomosis. 

Five of six colonic perforations were resected with proxi- 
mal diversion. One perforation of the transverse colon was 
repaired primarily and the patient had an uneventful postop- 
erative course, The appendix was devascularized in one pa- 
~ tient and was resectec. Six of the eight remaining patients 
_ with colon devascularization underwent resection with proxi- 

~ mal diversion. One patient with a devascularization injury of 
‘the sigmoid colon underwent resection with primary anasto- 
mosis and no proximal diversion. He had an uncomplicated 
postoperative course. The other patient who underwent a 
resection with primary anastomosis had a devascularization 
injury of the ascending colon. Her postoperative course was 
complicated by sepsis and a wound infection. The results of a 
work-up for an intra-abdominal abscess were negative and 
she eventually improved and was discharged. 

There were five deaths (9%). All were due to head injury 
and none was secondary to the intestinal injury. There were 
seven complications in six patients related to the intestinal 
injury (five wound infections and two intra-abdominal ab- 
scesses), One intra-abdominal abscess developed in a patient 
with a devascularization injury of the distal ileum who was 
treated with resection and primary anastomosis. The other 
abscess was in the patient described above with a delayed 
diagnosis of perforation of the distal ileum; it was ultimately 
treated with resection and diverting ileostomy. 


COMMENT 


Early recognition and treatment of BII is important in the 
prevention of morbidity.** "=" This was confirmed in our 
series by the occurrence of serious complications in both 
patients with BII in whom lengthy diagnostic delays oc- 
_ curred. To our knowledge, only two previous series have 

detailed the rate of ecmplications related to BII. Hunt et al,’ 


' in a series of 22 patients, reported a wound infection rate of 


- 18% and an intra-abdominal abscess rate of 23% after blunt 
; perforations of the gastrointestinal tract occurred.” Many of 
Be these patients had long delays between injury and diagnosis. 
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Table 4.—Location of Injuries 


No. of 
Devascularizations 


No. of 
Perforations 





Location 








Jejunum 
Proximal 12 2 


Mid 
Distal ; 
Not specified 5 1 


fieurn 
Proximal 2 1 


Distal 
Colon 

Appendix 

Cecum 
Ascending 
Transverse 
Descending 

















































Dauterive et al,’ in a more recent report of 60 patients with 
either perforation or devascularization injuries, reported a 
1% incidence of complications, which compares with the 11% 
incidence seen in our patients. All of the patients in the series 
by Dauterive et al underwent diagnostic peritoneal lavage on 
admission to the emergency department, and the vast major- 
ity were operated on quickly. 

Serious intestinal injury is an infrequent complication of 
blunt trauma, but there are suggestions that the frequency 
has increased with increased numbers of patients being in- 
jured in high-speed motor vehicle accidents. Bosworth’ found 
only 10 such cases in approximately 180 000 surgical admis- 
sions to New York area hospitals between the mid-1930s and 
mid-1940s. Only 30% of the injuries in this era were secondary 
to motor vehicle accidents. A more recent report of 6745 
admissions to a referral trauma center during 5 years re- 
vealed a 0.9% incidence of serious BIIs, 77% of them due to 
motor vehicle accidents. These numbers are consistent with 
our data, collected between 1986 and 1989. 

The role of seat belts in the pathogenesis of BII is unclear. 
Some reviews have emphasized the importance of seat 
belts,’ but a number of other reports have found no correla- 
tion between seat belts and BII.*"" In one series of 16 pa- 
tients with BIIs, none of the patients was known to be wear- 
ing a seat belt at the time of injury. 8 Our series suggests a role 
for seat belts in the pathogenesis of BII since they were in use 
in 66% of the motor vehicle-accident victims in whom the 
seat-belt status was known. A correlation between seat-belt 
use and BII should not discourage the use of seat belts, 
however, since they have been shown to improve morbidity 
and mortality from motor vehicle accidents by up to 85%.” 
Use of seat belts results in lower rates of serious head inju- 
ries, a major factor in determining outcome. All five deaths in 
our series were due to head injury, and a seat belt was in use 
at the time of injury in only one of these cases. The possibility 
of seat-belt injury of the intestine is more than offset by this 
increased risk of serious closed-head injury. 

If early diagnosis and operative intervention are impor- 
tant, how can the diagnosis best be made? The value of the 
physical examination has been emphasized by some. au- 
thors,** while others have stressed its lack of reliability.“ 
Our results indicate that in patients who can cooperate witha 
physical examination, abdominal pain and tenderness are 
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nearly always present when there is either perforation or 
devascularization of the bowel. These findings are present 
immediately after the injury. 

In patients who cannot cooperate with a physical examina- 
tion, peritoneal lavage is the diagnostic procedure of choice. A 
number of series have documented false-negative rates for 
diagnostic peritoneal lavage of between 1% and 20%. The rate 
in our series was 7%. Lavage red blood cell and white blood 
cell counts are the most important means of lavage diagnosis. 
The rate of false-negative amylase values in lavage fluid is 
high and the lavage amylase results should not be used to 
confirm or deny the presence of perforation. 

Computed tomography was not used extensively in our 
series, but it had a distressingly high false-negative rate. 
Negative computed tomographic scan results should be inter- 
preted cautiously, especially in a patient with tenderness on 
physical examination of the abdomen." 

This series emphasizes the high frequency with which in- 
testinal injury is the only intra-abdominal injury after blunt 
abdominal trauma, and that BII can also occur as the only 


injury in a patient injured from blunt trauma. It also stresses 
the relatively frequent occurrence of multiple BIIs and the 
need to examine the entire length of the bowel at celiotomy, 
even if one area of injury is immediately identified. 

Devascularization injuries to the small bowel showed a 
predileetion for the proximal and distal bowel, which has been 
described previously and ascribed to the fact that the bowel is 
relatively fixed at these points. Perforation injuries were 
more w:dely distributed, which conflicts with the commonly 
held belief that they are also concentrated primarily at either 
end of the bowel.” Compression and distention as mecha- 
nisms of injury in perforation as opposed to traction and 
distract.on as the mechanism of injury in devascularization 
may explain this difference in distribution. 

The sigmoid colon was particularly vulnerable to both de- 
vascularization and perforation, possibly because it is located 
on a mesentery, is lower in the abdomen than the transverse 
colon, and is more vulnerable than the ascending or descend- 
ing colon to compression against the vertebral column and 
traction or distraction of its mesentery. 
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Discussion 


NORMAN M. CHRISTENSEN, MD, Eureka, Calif: This series is one 
of the two largest in the literature. All patients had either a hole in the 
bowel or a devascularized bowel. The zero mortality in this series 
reflects the belief that the most important function of trauma organi- 
zation is to ensure that patients do not die of relatively simple, 
treatable injuries. A physical examination in the conscious patient 
and a peritoneal lavage in cases in which the abdomen cannot be 
evaluated will lead to the correct diagnosis in almost 100% of patients. 

The authors found that the determination of lavage amylase levels 
is worthless and abdominal computed tomography had a disturbingly 
high false-negative rate. Sherck and Oakes, in a review of 370 consec- 
utive abdominal computed tomographic scans at the Santa Clara 
Valley (Calif) Medical Center, found that in none of the seven patients 
with intestinal injury was a preoperative abdominal computed tomo- 
graphic scan diagnostic. 

The authors hedge regarding the role of seat belts in intestinal 
injury, stating that their role is “unclear.” This series “suggests” a 
role since seat belts were in use in 66% of the motor vehicle accidents 
in which seat-belt status was known. The literature documents that 
seat belts have contributed to the increase in intestinal injuries. In 
:-1971, Jordan and Beall (Curr Prob Surg. 1971:5-9) reported that in 

--eases of blunt abdominal trauma, 75% of patients had solid organ 
“involvement, while 20% of the patients had intestinal involvement. 


This study was carried out before seat belts became popular or 


mandatory. In Canada, where seat belts are mandatory, reports from 
Vancouver General Hospital and the trauma unit at the University of 


. «Montreal show intestinal injury rates of 67% and 84%, respectively, 


for those patients wearing seat belts. 

It is worth emphasizing, however, that seat belts do save lives, and 
it is worth remembering that in the historic Volvo study of 28 780 
traffic accidents in Sweden, there were no fatalities at speeds up to 60 
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mph in frent-seat passengers wearing seat belts, while fatalities 
occurred ir. riders who did not wear seat belts at speeds as low as 12 
mph. 

In the present study, 75% of the colon injuries were treated by 
resection and proximal diversion. This is an unusually large number 
of civilian colon injuries requiring diversion. Do you use abdominal 
computed tomography in the usual evaluation of patients with blunt 
abdominal injury? How can the diagnosis of BII in infants best be 
achieved? What was the usual time between presentation and diagno- 
sis in these patients? 

JACK H. BLOCH, MD, Bakersfield, Calif: Our experience has been 
that the three-point harness is the most common type of seat belt and 
does a good job of protecting the intrathoracic abdomen and the 
intrapelvic abdomen, but it leaves the central abdomen vulnerable. 
Too frequently, the lap portion of the seat belt creeps up onto the 
abdomen inzo a potentially dangerous position. 

We see a .arge number of people who drive pickup trucks with lap 
belts only. The most common injury in this group is an upward 
shearing injury in which the belt leaves a stripe across the abdomen. 
If a three-paint harness is worn, injuries frequently associated with 
the abdomixal injury may be a left clavicular fracture, occasionally a 
shearing injary of the left cervical portion of the brachial plexus, and 
the usual injuries that occur in lower extremities, including ankle 
fractures, tibial fractures, and sometimes patellar fractures. 

The constellation of injuries in victims wearing seat belts is very 
different from those in the unrestrained patient who has been ejected 
through the windshield, thrown out of the car door, or poked in the 
abdomen by some protuberance in the car, and usually sustains rib, 
spleen, and liver trauma. Among patients wearing seat belts we have 
seen very few solid visceral injuries. Have the authors had the same 
experience that we have had with the altered constellation of inju- 
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ries? Second, a seat-belt stripe on the abdomen is really not innocu- 
ous. We have come to the conclusion that every patient with a seat- 
belt stripe should be admitted and observed overnight even if there is 
< not sufficient clinical evidence to warrant diagnostic peritoneal 
lavage. 

We have been unhappy with the diagnostic accuracy of computed 
tomographic scanning for bowel or mesenteric injuries and with the 
recent popularity of ultrasonography of the abdomen for free fluid. 
Frequently, after keeping the patient with a small tear or perforation 
overnight, even though the original clinical findings were not too 
obvious, as in acute appendicitis, many patients with small-bowel or 
“mesenteric tears will have signs. of acute peritonitis by the next 

morning. Would the authors comment on the seat-belt stripe phenom- 
enon and whether such patients should be observed in the hospital or 
automatically operated on? 
JONATHAN R. HIATT, MD, Los Angeles, Calif: The diagnosis of 
rforations and devaseularizing injuries are somewhat different. 
_ Computed tomographic seanning with oral contrast will show a large 
hole in the upper gastrointestinal tract, but when these cases are 
analyzed closely, the patients usually have sufficient symptoms and 
signs to warrant a laparotomy on clinical grounds alone, particularly 
with a “seat-belt” sign. The seat-belt contusion is a compelling reason 
for closer evaluation with computed tomography or, probably better, 
peritoneal lavage. The devascularizing injuries may be more subtle at 
presentation and more difficult to diagnose at the outset of treatment. 

T have encountered a medicolegal issue relating to seat belts. Dolap 
belts, which restrain passengers and certainly prevent the neurologic 
injuries that may result if the passenger is thrown from the vehicle, 
cause abdominal injuries? Is the air bag a better safety system? 

DON E. MILLER, Irvine, Calif: A rare lesion resulting from blunt 
trauma is late ischemic stricture. A van rolled over, and the patient 


walked more than a mile after the injury, with no physical findings 


except for the presence of a seat-belt abrasion. Nothing was done at 
that time, but weeks later he presented with a small-bowel obstruc- 
tion, and surgery disclosed an ischemic stricture due to an opening in 
the mesentery, which was only 2 cm in diameter. Simple resection of 
the stricture was required. Did you have any late injuries? 

DR BLAISDELL, MD: Seventy-five percent of our patients were 
treated with proximal colostomy, and this reflects our conservative 


spite previous wartime experience, which suggested that under mili- 
tary circumstances a colostomy is the procedure of choice. Blunt 
trauma, however, is a devascularizing type of injury and tends to 


spread contamination around; hence our conservatism. 


Our experience reflects my negative bias regarding the use of 
computed tomography. Some centers perform computed tomography 
onall their patients as they come through the emergency department 
The problem is that the earlier one does the examination, the more 
apt the results are to be negative. Computed tomography results 
become positive when a lot of blood has accumulated or when the 
contamination has resulted in the establishment of peritonitis. If you 
perform these studies within an hour of injury, the result may not yet 


be positive. 


The other problem with computed tomography is that it removes 
the patient from observation in the first hour after injury. The 
advantage of lavage is that one can keep the patient under observa- 
tion. If anything happens to the patient, he or she can be taken 
promptly to the operating room. Our adult trauma service takes care 
of most children older than 5 years of age and the pediatric surgical 
service takes care of children younger than 5 years of age because of 
the greater availability of adequate manpower on the adult trauma 


service. 


Pediatric surgeons seem to be much more conservative than other 
surgeons and believe one should not operate on infants until there is 
something catastrophic going on. This is reflected in the delay in 


diagnosis in the one case. 


Most of these injuries were diagnosed within the first few hours of 
injury and surgery was carried out promptly. Only in the two patients 
with late diagnoses did we have morbidity. Dr Bloch, the seat-belt 
injury is not an innocuous injury and the seat-belt stripe indicates 
major deacceleration and high probability of significant injury. 

We have seen transection of the vertebral column in association 
with the seat belt as well as total disruption of all the anterior 
abdominal muscles. Dr Carrico, the injury that results in major 
serosal flaps ought to be treated as a through-and-through injury. We 
also see minor serosal tears and, under these circumstances, general- 
ly repair them unless they are associated with major contusion or 
evidence of devascularization. Dr Miller, we had one late injury. It 
was an injury that at operation appeared to be a contusion. There was. 








ahemorrhage in a segment of the wall of the intestine, and the patient ` 
subsequently developed obstruction and required resection. 


titude toward these blunt types of injuries. When dealing with 
penetrating trauma and minimal contamination, we tend to suture 
_ the injury primarily. This is associated with minimal morbidity de- 
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Congenital Smooth Muscle Hamartoma: Prevalence, Clinical Findings, and Follow-up in 
15 Patients 

Alexander Zvulunov, MD; Aryeh Rotem, MD; Paul Merlob, MD; Aryeh Metzker, MD 


Congenital smooth muscle hamartoma is a congenital skin lesion characterized by proliferation of bundles 
of smooth muscle within the reticular dermis. We report on a group of 15 children with this lesion, confirmed 
< by skin biopsy specimen, its prevalence, the occurrence of associated anomalies, and long-term follow-up. To 
our knowledge, this is the largest group of patients with this lesion described in the literature. The estimated 
prevalence is about 1:2600 live births with slight male predominance. The lesion is most frequent in the 
lumbosaeral area (67% [10/15]) and a positive pseudo-Darier’s sign is present in 80% (12/15) of patients. 
During the follow-up period of up to 7 years, the lesions enlarged slightly but became less prominent. No 
malignant transformation was observed. (AJDC. 1990;144:782-784). 
Reprint requests to Pediatric Dermatology Unit, Beilinson Medical Center, Petah Tiqwa 49 100, Israel (Dr Metzker). 
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mies have been performed with the 
KTP/YAG™ Surgical Laser System 
from Laserscope® than with any 
other laser or non-laser dissecting 
instrument. General surgeons now 
have a single tool optimized for 
bloodless dissection of the gallblad- 
der with minimal complications, 
Precise, Hemostatic Dissection 
of the Gallbladder 
The KTP/YAG System's unique dual 
wavelength technology is ideally 
adapted for laparoscopic gallbladder 
dissection. Laserscope’s propri- 
etary KTP/532™ green beam provides 
rapid and precise dissection with 
simultaneous hemostatic control. 
The Nd:YAG infrared beam comple- 
ments the KTP/532 by providing 
deep coagulation for large bleeding 
vessels. Both wavelengths trans- 
mit through irrigat- 
ing solutions and are 
directed through flex- [iw 
ible Endostat™ Fibers. 
Easy to Use in 
a Laparoscopic 
Environment 
For precise and con- 
sistent cutting the 
Endostat Fiber may 
be used in contact for 
tactile feedback and 
in non-contact mode. 
Because the KTP/YAG 
System can cut, coagu- 
late or vaporize through a single 
fiber, there is less need to remove 
and replace instruments in the 
See us at ACS Booth #534 


aparoscopic Cholecystectomy 


peritoneal cavity. The system 
produces little smoke which can 
cloud the laparoscope’ optics. 
Cutting is even, without char, and 
bloodless, allowing for clear visuali- 
zation of the tissue plane. 
The Standard for Safety 
The KTP/532 beam cuts or vapor- 
izes with minimal lateral tissue 
damage. Endostat Fiber tips are 
unsharpened and remain cool which 
helps prevent inadvertent piercing 
or burning of delicate tissue such 
as the bowel. And the KTP/ YAG 
System always 
causes the surgical 
| effect where the 
Í beam is aimed and 
not the path of least 
resistance, which 
can happen using 

> electrocautery. 
Gold Standard of Cost Effectiveness 
3 ene | b ing Endostat Fibers are the least expen- 
eT a E "a ; & F sive laser delivery systems to use. 
They do not require expensive tips 
for each surgical effect. Plus, the 
System is air cooled for low cost 
installation and maintenance. 
Standardize with the Leader 
Make the KTP/YAG Surgical Laser 
System your standard for all your 
general surgery procedures. You 
won't be alone. The System is the 
standard of care for other surgical 
specialties as well. For more infor- 
mation call (800) 356-7600 or write 
Laserscope, 3052 Orchard Drive, 


i bj * “i San Jose, CA 95134-2011. 
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The Operative Management of Coexisting 
Thyroid and Parathyroid Disease 


Seth D, Strichartz, MD, Armando E. Giuliano, MD 


® Three hundred eight patients who underwent operation for 
hyperparathyroidism were studied. Fifty-two (17%) were identi- 
fied whe had a concomitant thyroid nodule. All 52 underwent 
parathyroidectomy and thyroid resection in a single operation. 
Eleven of these patients (21% of those with a thyroid nodule) had 
differentiated thyroid cancer. One patient with parathyroid hy- 
perplasia developed permanent hypocalcemia. None had perma- 
nent vocal cord paralysis and none required tracheostomy. Thor- 
ough visual Inspection and palpation of the entire thyroid gland 
should be performed during operations for hyperparathyroid- 
ism. Incidentally discovered thyroid nodules should prompt for- 
mat lobectomy with frozen section diagnosis; unanticipated thy- 
roid malignancies should then be treated as independent 
entities. Treating simultaneous hyperparathyroidism and nodu- 
lar thyroid disease with a single operation can be done safely; it 
avoids the expense and risk associated with neck reexploration 
and can:detect unsuspected cancers. 

(Arch Surg. 1990;125:1327-1331) 


T he unexpected finding of nodular thyroid disease during a 
neck exploration for hyperparathyroidism (HPT) was 
first reported in 1954.’ Since that early report, multiple series 
have decumented an incidence of thyroid abnormalities in 
patients with primary HPT that ranges from 20% to 60%.”° 
The association between HPT and medullary thyroid can- 
cer in the multiple endocrine neoplasia (MEN) II syndrome 
__ (Sipple’s syndrome) is well described and can be understood 
~ based on common embryologic origins in the cell lines. How- 
ever, HPT, due to either a parathyroid adenoma or to hyper- 
plasia, and papillary or follicular thyroid cancer may also 
coincide.” Whether the coexistence of these entities is more 
than a chance association, or simply represents the fortuitous 
simultaneous discovery of two common diseases, remains a 
matter of debate. 
This association, regardless of cause, leaves the surgeon 
with the possibility of encountering a second unexpected, 
potentially serious lesion at the time of parathyroidectomy. 
Already sensitive to the risk of complications associated with 
parathyroid exploration, the operating surgeon is often reluc- 
tant. to. pursue a possible thyroid abnormality at the time of 
<- initial neck exploration. Thyroid resection in addition to para- 

‘thyroidectomy with exploration of all four glands may in- 
crease the risk of complications. However, since thyroid ma- 
lignaney may coexist with HPT, the successful diagnosis and 
treatment of unexpected thyroid abnormalities is essential. 
Delay in diagnosis could result in an overlooked cancer, of 
which subsequent therapy could result in greater difficulty 
during a second neck exploration, more complications, and 
possibly more recurrences. We examined the experience at 
UCLA during a recent period with patients found to have 
coexistent parathyroid and thyroid abnormalities, to deter- 
mine the effects of simultaneous treatment and to formulate a 
rational plan of management. 
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PATIENTS AND METHODS 


The computerized records of the Department of Pathology and the 
UCLA Medical Center from 1976 through 1989 were reviewed. Pa- 
tients with biochemically and histologically proven HPT and who had 
thyroid nodules found at operation were identified. Only patients 
with histologically demonstrated thyroid disease and histologically 
and biochemically proven HPT are included in this report, Patients 
with medullary carcinoma, with or without proven multiple endo- 
crine neoplasias, were excluded. 


RESULTS 


Three hundred eight patients underwent parathyroidecto- 
my for HPT. A subset of 52 patients (17%) were identified 
who also had gross thyroid abnormalities and histologically 
confirmed thyroid disease. Forty-three were women and nine 
were men. The average age of the patients with combined 
disease was 55 years (women, 57 years; men, 48 years). 
Thirty-seven patients were identified with parathyroid ade- 
nomas and 15 with hyperplasia. 

Of the 52 patients, 11 had differentiated thyroid cancer. 
This represents 21% of those patients with concurrent thy- 
roid abnormalities and 3.6% of all patients undergoing neck 
exploration for HPT. Of these 11 patients, 10 had parathyroid 
adenomas and one had hyperplasia. One patient had follicular 
cancer and the remaining 10 had papillary carcinomas. One of 
the patients had histologically documented spread to regional 
lymph nodes at the time of parathyroid exploration and un- 
derwent a paratracheal lymph node dissection. Only one of 
the 11 patients with thyroid cancer had a palpable thyroid 
nodule preoperatively; the nodule was hypofunctioning on a 
radioiodine scan. Of the patients with cancer, six denied any 
history of prior radiation therapy to the head and neck, one 
had a known history of prior radiotherapy for acne, and the 
records of four patients did not contain a specific reference to 
prior radiation exposure. 

Three of the cancers were less than 0.5 cm. Two were 
between 0.5 and 1.0 cm and five were larger than 1.0 cm. The 
patient with metastases to regional lymph nodes had only 
microscopic disease, despite serial sectioning of the gland. 
Two patients had multifocal cancers. 

Three of the neck explorations in the group with thyroid 
cancer were reexplorations. One patient had a prior thyroid 


Table 1.— Treatment of Coexisting Thyroid Abnormalities in 
Patients With Hyperparathyroidism* 


No. of Patients 








Nodular goiter 





Nonmedullary carcinoma 





Follicular adenoma 
Hashimoto's thyroiditis 
Chronic thyroiditis 
Hurthie cell adenoma 


*SL indicates subtotal lobectomy; TL, thyroid lobectomy; ST, subtotal 
thyroidectomy; and TT, total thyroidectomy. 
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lobectomy for nodular goiter and two were reexplored for 
recurrent HPT. One of these two previously had a benign 
follicular adenoma of the thyroid gland discovered at the time 
of removal of a parathyroid adenoma. It was unclear whether 
-~ the second patient reexplored for HPT had thyroid disease 
- noted at the previous exploration. 
-> In addition to the 11 patients with thyroid cancer, 22 were 
_. found to have nodular goiter, nine had benign thyroid adeno- 
mas, seven had Hashimoto's thyroiditis, two had chronic 
_ thyroiditis, and one had a Hurthle cell adenoma, as detailed in 
the tabulation below: 
Histologic Diagnosis 
Nodular goiter 
Differentiated cancer 
Papillary 10 
Follicular 1 
Benign adenoma 9 
Hashimoto's thyroiditis 7 
Chronic thyroiditis 2 
Hurthle cell adenoma 1 


No. of Patients 


-.... Theextent of thyroid resection performed was based on the 
-individual surgeon’s preference. Twenty-six patients were 
treated with thyroid lobectomy, 11 with subtotal thyroidecto- 

“my, nine with subtotal lobectomy, and six with total thyroid- 

-ectomy. Of the patients with thyroid cancer, five underwent 
< total thyroidectomy, four underwent subtotal thyroidecto- 

my, and two underwent lobectomy (Table 1). 

_. The. most common complication of combined parathyroidec- 

tomy and thyroidectomy was transient hypocalcemia. This 

-occurred in 13 patients. Transient hypocalcemia was defined 
as hypocalcemia requiring supplementation in the immediate 

_ postoperative period that could be discontinued subsequent- 

__ ly. Permanent hypocalcemia occurred in only one patient. 

_ This patient underwent subtotal thyroidectomy for a large 

_ nodular goiter, concurrently with a 3.5-gland parathyroidec- 

<- tomy. The patient was hypocalcemic and underwent reim- 

>: plantation of frozen parathyroid tissue into the forearm 1 year 

_ later. No patient with thyroid cancer suffered a complication. 

_. Two patients undergoing total thyroidectomy experienced 

_ transient hoarseness. No patient experienced permanent vo- 

eal cord paralysis. A 75-year-old patient experienced a nonfa- 
tal myocardial infarction after excision of a parathyroid ade- 
_-noma with concomitant thyroid lobectomy for Hashimoto's 
_ thyroiditis. Another elderly patient developed transient 
-atrial fibrillation postoperatively but did not suffer hemody- 

: namic compromise. The tabulation below lists the complica- 
- tions of concomitant thyroid and parathyroid resection. 


Complications No. (%) 
Transient hypocalcemia 13 (25) 
Transient hoarseness 2(4) 
Permanent hypocalcemia 1(2) 
Transient arrhythmia 1(2) 
Myocardial infarction (nonfatal) 1(2) 
Permanent hoarseness 0(0) 
Tracheostomy 0(0) 


In all but one patient, the thyroid and parathyroid abnor- 
-Iality were definitively addressed at the same operation. 
-The exception was a 14-year-old patient who underwent com- 
» pletion thyroidectomy several days after undergoing thyroid 
_ lobectomy and resection of a parathyroid adenoma; the diag- 
-nosis of follicular adenoma initially made by frozen section on 
¿othe thyroid nodule was subsequently determined to be a 
follicular variant of papillary carcinoma on permanent hema- 
:- toxylin-eosin-stained sections. She underwent an uncompli- 
cated total thyroidectomy 3 days later. 


COMMENT 
=: During a recent 13-year period at UCLA, 52 patients were 
. identified who had concurrent HPT and nodular thyroid dis- 
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Table 2.—Incidence in the Literature of Nonmedullary 
Thyroid Carcinoma in Patients With Hyperparathyroidism 
(HPT) 


Thyroid Carcinoma, 
No. (%) 


4 (1.7) 
7 (75) 
3 (4.2) 
5 (48) 
3 (10.0) 
5 (5.0) 
"5 (89) 
"28 (10.7) 
5 (5.6) 
11 (76) 
13 (3.1) 
4 (5.4) 
51 (25) 
15 (43) 


HPT, No. 
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Ellenberg et al’ 
Laing et al? 
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Russ et al'* 





Linos et al? 
Prinz et al 
Lever et al* 7 (5.6) 
Hedman and Tisell'* 19 (4.9) 
Van der Schaar and Mulder: 0 (0) 
1 (2.2) 
11 (3.6) 
198 (4.0) 
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ease. All 52 underwent thyroid resection in addition to para- 
thyroidectomy. Eleven (21%) of the patients with a thyroid 
nodule had histologically proven papillary or follicular thyroid 
cancer. Only one had a palpable thyroid nodule preoperative- 
ly. One of the 11 had regional lymphatic spread at the time of 
parathyroidectomy. Of the 52 patients, only one (2%) experi- 
enced permanent hypocalcemia after a 3.5-gland parathyroid- 
ectomy and subtotal thyroidectomy for a large goiter. No 
patient had permanent vocal cord paralysis or required 
tracheostomy. 

This study represents a retrospective review of charts from 
patients whose pathologic specimens contained both thyroid 
and parathyroid tissue. These patients were cared for by 
different surgeons at different times. There was no standard- 
ized definition of a “thyroid abnormality”; however, the ab- 
normalities identified were all nodules. No protocol as to the 
extent of resection was used. It follows that there may have 
been many neck explorations in which thyroid abnormalities 
were noted but not biopsied or resected. Therefore, the 17% 
coexistence that we report is likely an underestimate of the 
true degree of coexistent thyroid disease and HPT. 

In 1954, Hellstrom’ reported a series of 50 parathyroidecto- 
mies for HPT. He identified 19 patients with concurrent 
nodular thyroid disease. Ogburn and Black’ in 1956 described 
four patients with primary HPT and nonmedullary thyroid 
cancer. They reported the finding as a chance association. 
Subsequent to these early reports, the coexistence of nodular 
thyroid disease has been documented in up to 60% of patients 
operated on for HPT." Recently, attention has been 
turned to the prevalence of differentiated thyroid cancer in 
patients operated on for HPT. The 3.6% incidence of concur- 
rent thyroid cancer and HPT that we documented is in agree- 
ment with the overall prevalence reported in the literature 
(Table 2). 

Whether the association between the two entities repre- 
sents more than chance remains unclear. Some authors be- 
lieve that reports of concurrent thyroid and parathyroid dis- 
ease simply describe the simultaneous occurrence of two 
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common conditions." However, several large autopsy series 
have shown the prevalence of macroscopic thyroid cancer to 
be only 0.002% to 0.08% in the general population.” In 1983, 
Lever et al’ compared 124 consecutive parathyroidectomies 
with age-, sex-, and race-matched autopsy controls. Although 
they found no statistical difference in the prevalence of total 
macroscopic thyroid lesions, they did find a greater number of 
nonmedullary thyroid cancers in the patients with HPT com- 
pared with the autopsy controls (5.6% vs 0%, P<.001). Simi- 
larly, Laing and associates? noted the incidence of thyroid 
cancer in 72 patients operated on for HPT to be 6.0%, com- 
pared with 1.0% in 100 eonsecutive autopsies in their institu- 
tion. However, the yield for finding thyroid cancer in patho- 
logic specimens is directly proportional to the meticulousness 
with which a specimen is sectioned.” This makes the interpre- 
tation of data regarding the prevalence of thyroid cancer in 
patients with HPT difficult. 

In the MEN II syndrome (Sipple’s syndrome), in which 
medullary thyroid cancer and HPT occur together, the associ- 
ation between the thyroid and parathyroid conditions can be 
explained by a defect in a common neuroendocrine cell line 
(amine precursor uptake and decarboxylation cells). Howev- 
er, this reasoning does not explain the association between 
papillary or follicular thyroid cancer and HPT, as these tis- 
sues are derived from different cell lines. Since there is no 
apparent embryologic explanation for the coexistence of the 
entities, other etiologic factors must be implicated. It has 
been demonstrated that hypercalcemia has a significant goi- 
terogenic effect in rodents, but this has not been found in 
humans.“ Furthermore, no difference in the degree or dura- 
tion of hypercaleemia was demonstrated in patients with 
thyroid cancer and HPT compared with patients with HPT 
without thyroid cancer.‘ Diamond et al” documented higher 
calcium levels in those patients in their series with only HPT 
compared with patients with both HPT and thyroid disease. 
Additionally, the proposed mechanism whereby hypercalce- 
mia induces thyroid disease is based on an alleged hypercalce- 
mia-dependent hypercalcitoninemia, but the data regarding 
elevated calcitonin levels during HPT are conflicting.” 

Amore popular theory explaining the concurrence of these 
two diseases implicates prior head and neck irradiation." 
It has been demonstrated that prior irradiation confers an 
increased risk of subsequent papillary thyroid cancer.*”” 
There is also evidence suggesting that head and neck irradia- 
tion may play a role in the eventual development of primary 
HPT." Prinz et al” reported that of the 12 patients with both 
differentiated thyroid cancer and HPT whom they treated, 
eight had received pricr head and neck irradiation. Russ et al” 
reported that four of 19 patients with HPT and nonmedullary 
thyroid cancer had a history of irradiation to the head and 
neck region. However, of 55 of their patients with HPT and no 
history of radiation. none had a concomitant thyroid cancer. 
Hedman and Tisell" found that 17.5% of patients with HPT 
who had been irradiated had concurrent thyroid cancer, while 
only 2.4% of the nonirradiated group did (P<.001). Ni- 
shiyama et al" reported that 50% of their patients with HPT 
who had been exposed to regional radiation had concurrent 
eancer of the thyroid, while only 12% of the patients with HPT 
not exposed to radiation had simultaneous thyroid cancer. 
Although we found only one patient in our group with concur- 
rent HPT and thyroid cancer who had a history of prior head 
and neck irradiation, obtaining an accurate history of prior 
radiotherapy is notoriously difficult. One hundred patients 
treated with x rays for tuberculous cervical adenitis between 
1930 and 1946 were interviewed 30 years later; 36 were 
unaware of the pricr radiation therapy, despite the fact that 
11 of them were over 25 years old when they received the 
x-ray therapy.” Without a concerted effort to obtain this 
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Thallium-technetium scan of a patient with a right superior parathyroid 
adenoma and a left-lobe thyroid carcinoma. Top, Thallium image of 
thyroid and parathyroid glands. Center, Technetiurn image of thyroid 
gland. Bottom, Subtraction image interpreted as demonstrating left 
inferior parathyroid adenoma. 


history using family member interviews, reviews of all old 
medical records and discussions with all of a patient’s prior 
physicians, the lack of a prior radiation history is difficult to 
interpret. 

Five of the 11 cancers detected in this study were less than 
1.0 em in diameter. However, all cancers, except in the pa- 
tient with involved regional lymph nodes, were macroscopic. 
Thyroid cancers less than 1.0 em have been deemed “inciden- 
tal” due to the excellent long-term results achieved with 
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resection. No surgeon, however, would likely advoeate leav- 
ing in place a macroscopic thyroid cancer identified at a neck 
exploration, regardless of the tumor’s small size. There is no 
way to know that a patient with an “incidental” thyroid cancer 
left unresected will enjoy the relatively benign course that 
one can expect from a patient whose “incidental” cancer is 
resected. It cannot be disputed that all large cancers were 
once small. 

Based on the accumulated data regarding the occurrence of 
simultaneous HPT and papillary/follicular thyroid cancer, 
careful intraoperative palpation and inspection of the entire 
thyroid gland at the time of parathyroid resection is recom- 
mended. While in our series the overall incidence of thyroid 
cancer in patients explored for HPT was only 3.6%, those 
patients explored for HPT who had a thyroid nodule had a 
21% chance of concomitant thyroid carcinoma. The absence of 
a palpable thyroid abnormality preoperatively is inadequate 
to rule out the presence of thyroid disease. Only one of the 
patients with thyroid cancer and HPT in this series had a 
thyroid nodule detected preoperatively. Prinz et al’ noted 
that in only 37% of patients with concurrent disease was a 
thyroid abnormality appreciated preoperatively. Van der 
Schaar and Mulder’ found that preoperative palpation missed 
14 of 21 lesions found intraoperatively. They concluded that 
< all patients with HPT should undergo thyroid scintisean pre- 

` operatively. Calcaterra and Paglia” also concluded that in 
addition to careful intraoperative palpation of the thyroid, “a 
radioactive iodine scan and an ultrasound study of the gland 
may be advisable.” Although we do not believe that all pa- 
tients with HPT require preoperative nuclear scans, we 
stress the importance of intraoperative inspection and palpa- 
tion of the entire thyroid. We do not routinely obtain preoper- 
ative parathyroid imaging studies for a first neck exploration. 
_., Ithas been shown that at least 95% of parathyroid tumors can 
-= “successfully be localized by an experienced surgeon at a first 
__ exploration without these studies.” The thallium-technetium 
subtraction scan may be helpful in examinin g both the thyroid 
and parathyroid glands; however, most reports suggest that 


this seanis only 75% accurate.” Furthermore, in patients with 


thyroid nodules, the rate of false-positive scans for parathy- 
roid abnormalities is increased.” The figure shows a thallium- 
technetium scan in which the left lower pole abnormality was 
interpreted to be a parathyroid adenoma. At operation, how- 
ever, this proved to be a papillary carcinoma with a right 
upper lobe parathyroid adenoma. 

A solitary thyroid nodule must be examined at the time of 
parathyroidectomy. Thyroid cancer discovered at the time of 
neck exploration for HPT deserves definitive treatment at 
the same operation. The increased risk of reoperative thyroid 
surgery is well documented and is worth avoiding.” Linos et 
al” reported that the risk of hypocalcemia with concomitant 
thyroid and parathyroid resection is greater than with para- 
thyroid resection alone. However, the 52 patients in the 
current study with thyroid and parathyroid abnormalities 
were treated with simultaneous resections with no perma- 
nent recurrent laryngeal nerve injury and only one case of 
permanent hypocalcemia. The patient with permanent hypo- 
parathyroidism had a large goiter and parathyroid hyperpla- 
sia and underwent a difficult subtotal thyroidectomy and a 

_3.5-gland parathyroidectomy. No patient with cancer suf- 
fered a complication. Whether the incidence of serious compli- 
cations would have been higher with a greater number of total 
thyroidectomies is only speculative. 

We believe that an incidentally discovered thyroid nodule 
should prompt formal lobectomy with a frozen-section diagno- 
sis of the nodule. A differentiated thyroid cancer discovered 
in this manner should be treated as an independent entity 

' with whatever degree of thyroid resection the surgeon can 
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safely perform for definitive surgical treatment. However, 
the presence of a small or moderate-sized multinodular goiter 
without.a dominant nodule, and ina patient without a history 
of regional radiation therapy, is, in and of itself, not justifica- 
tion for thyroid resection. 

While some authors suggest that the risk of concomitant 
thyroid and parathyroid resection may be higher than with 
either operation performed alone, our experience suggests 
that a single operation for both can be performed safely. 
Performing a definitive thyroid resection at the time of para- 
thyroidectomy avoids a possible neck reexploration with its 
attendart increased expense and morbidity.” 

In the current series of 11 patients with both HPT and 
differentiated thyroid cancer, five were treated with total 
thyroidectomy and six were treated with subtotal thyroidec- 
tomy without complications. Overall, 52 patients with nodu- 
lar thyroid disease and HPT underwent combined thyroid and 
parathyroid resections; only one experienced permanent hy- 
pocalcemia. Careful inspection and palpation of the entire 
thyroid gland with diagnosis and definitive treatment of a 
malignancy should be performed at the time of parathy- 
roidectorny. 
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Discussion 


ORLO H. CLARK, MD, San Francisco, Calif: How should the sur- 
geon manage thyroid abnormalities in patients with HPT? Ogburn 
and Black’ found four cases of papillary or follicular cancer among 299 
patients treated surgically for HPT. Ellenberg and colleagues’ found 
seven cases of nonmedullary thyroid cancer among the first 93 pa- 
tients with HPT operated on at the University of California, San 
Franeisco. LiVolsi and Feind” found 31 thyroid cancers (11.4%) 
among 272 patients with HPT. Linos et al” reported that 51 (2.5%) of 

_ 2058 patients treated surgically at the Mayo Clinic had thyroid can- 
cer. Combining 10 series including the above cases, 120 (3.8%) of 3200 
patients with HPT had thyroid cancer. These series underestimate 
the actual frequency of cancer since not all patients had their thyroid 
glands removed. 

It is unknown whether there is a higher frequency of thyroid cancer 
in patients with HPT or if there is a higher frequency of HPT in 
patients with thyroid discrders. Stoffer et al” reported that “hyper- 
parathyroidism was 10 times more frequent in patients with thyroid 
disorders, especially nodular goiter, than expected in the general 
medical population.” The incidence of thyroid disease in patients with 
HPT was 39%. When thyroid abnormality is searched for in patients 
with HPT either at autopsy or by various scanning techniques, up to 
70% of patients with HPT have associated thyroid disorders. Using 
preoperative ultrasourd and/or computed tomographic scanning in 
patients with HPT, we documented thyroid abnormalities in 48% of 
the patients. l ignored mest of these coexistent thyroid abnormalities 
during the parathyroid operations. 

Certain situations increase the chance of thyroid cancer. Patients 
who have been exposed to low-dose therapeutic radiation, especially 
as children, have a higher incidence of benign and malignant thyroid 
neoplasms, as well as HPT. Patients with MEN type 2A have HPT 
and medullary thyroid cancer. Of interest is that the oncogene associ- 
ated with MEN 2A ison the same region of chromosome 10 q11-q12 as 
is the human papillary thyroid cancer oncogene.” Since calcium is a 
goitrogen, patients with HPT could have more thyroid nodules. 

When should a surgeor remove a thyroid nodule or thyroid gland in 
patients with HPT? Certainly, patients with a history of exposure to 
low-dose therapeutic radiation require thyroidectomy because 40% of 
these patients will have thyroid cancer when a thyroid nodule is 
present in the thyroid gland. Patients with familial thyroid cancer or 

io With MEN 2A who have medullary thyroid cancer and HPT warrant 

“thyroidectomy. Patients with thyroid nodules over 1.5 cm, especially 
if solitary or hard or aaseciated with lymph node metastases, should 
be removed. 

One could also perform percutaneous aspiration biopsy cytologic 
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tests prior to thyroidectomy under ultrasound guidance to document 
whether thyroid cancer is present. Symptomatic thyroid nodules 
should also be removed. 

It may be that many of these thyroid cancers remained indolent and 
were only discovered because of the parathyroid operation. A good 
control group would be patients having thyroid tissue removed dur- 
ing operations for secondary HPT or Graves’ disease. 

What were the size of the thyroid nodules? What were the reasons 
for not doing total thyrcidectomy in patients with thyroid cancer? Is 
there a different surgical approach for patients with thyroid nodules, 
HPT, or both? How would Dr Giuliano manage a patient with para- 
thyroid hyperplasia and nonmedullary thyroid carcinoma? 

THEODORE X. O'CONNELL, MD, Los Angeles, Calif: I would take a 
different tack than the authors. I think their data tell us not to 
examine the glands too closely. Fully 80% of their lesions are benign 
and do not need any treatment at all. It looks like they were 
overtreated. 

Patients with Hashimoto's thyroiditis and nodular goiter were 
getting subtotal thyroidectomy, which is unnecessary treatment and 
exposes the patient to the risk of laryngeal nerve damage and HPT. 

Approximately 20% of the patients did have carcinomas. How 
many of these lesions were papillary carcinomas less than 1 em in 
diameter that would be considered to be clinically insignificant and 
not need treatment at all? 

H. EARL GORDON, MD, Los Angeles: Any thyroid lesion unexpect- 
edly encountered at the time of a parathyroid exploration should be 
appropriately treated at the same operation. I would limit this resee- 
tion to those lesions for which a thyroidectomy is commonly indicated 
and not the minor nodules that are frequently encountered. 

However, if you are dealing with a cancer or a sizable nodule of 
undetermined origin, these should be handled at the same operation. 
The risk is certainly going to be less in a combined procedure than to 
defer the thyroid resection to a second operation at some future time. 

The authors confined their pathological findings to nodular lesions. 
It is also possible for HPT and Graves’ disease to be coexistent as 
well. I would like to carry this one step further. If one is doing a 
thyroidectomy, one should be equally meticulous in exploring the 
neck for any parathyroid abnormality that might unexpectedly be 
encountered. Any patient who is having a thyroidectomy should have 
a preoperative calcium. While performing a thyroidectomy, I have 
encountered parathyroid glands two or three times enlarged, raising 
the possibility of hyperplasia. A preoperative serum calcium mea- 
surement is very helpful in such cases. 

In patients who have parathyroid hyperplasia and thyroid cancer, 
the risk of recurrent nerve injury and hypocalcemia can be significant 
and demands meticulous surgical technique. 

DR GIULIANO: Dr Clark, the incidence of thyroid abnormalities in 
patients with HPT is higher than in the normal population. Clinical 
and autopsy studies show that patients with HPT have a higher 
incidence of carcinoma of the thyroid. When operating for HPT, if 
thyroid abnormality is found, it should be addressed. Most of the 
abnormalities are benign, but 20% of the palpable nodules were 
malignant. If a patient had a history of radiation therapy to the head 
or neck, I think the thyroid gland should be examined, and if a thyroid 
nodule is found, the patient should be treated with total thyroidecto- 
my. Ina multiple goiter, a nodule that is not firm or irregular with no 
abnormal lymph nodes can be left untreated. 

A patient with primary HPT who has a thyroid nodule has carcino- 
ma 20% of the time. Thyroid and parathyroid abnormalities can both 
be treated at the same operation with a very low incidence of compli- 
cations. The Mayo Clinic reports 20% permanent hypoparathyroid- 
ism, but we had only one. The low incidence of complications justifies 
treating both lesions at the same time. Some patients will have benign 
nodules resected that could have been left in place, but you do not 
know that until you remove them and make the diagnosis. 

Dr O’Connell asked if these are insignificant cancers and are better 
left alone. Maybe, but once they are found, it behooves us to treat the 
cancer. Large cancers were once small and leaving small ones un- 
treated makes no sense to me. A thyroid nodule found at parathyroid- 
ectomy is removed by formal lobectomy and a frozen section is 
obtained. If this is malignant, proceed with definitive therapy, which 
in my hands is total thyroidectomy. 

Seventeen percent of patients with HPT have a thyroid nodule and 
20% of those are malignant. The diagnosis and treatment of these 
nodules can be done at a single operation with very few long-term 
complications. 
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Artery Catheters and Therapy Based Upon 


Them in Reducing Mortality and Morbidity 


William C. Shoemaker, MD; Harry B. Kram, MD; Paul L. Appel, MPA; Arthur W. Fleming, MD 


© The purpose of this study was to (1) evaluate the relative cost 
effectiveness of the central venous pressure and flow-directed 
‘pulmonary artery catheters used to maintain normal hemody- 
namic values as therapeutic goals in the control groups vs su- 
pranormal values empirically observed in critically ill postopera- 
. tive survivors in the protocol groups, and (2) to evaluate tissue 
< perfusion and oxygenation in relationship to organ failure and 
mortality. In two prospective clinical trials there were no signifi- 
cant differences in outcome between the central venous pres- 
sure and pulmonary artery control groups that used normal 


: values as therapeutic goals. However, there were marked and 


significant reductions in morbidity and mortality of the protocol 
groups using the supranormal cardiac index, oxygen delivery, 
and oxygen consumption values as goals. The cumulative oxy- 


__. gen debt was less and organ failures were fewer and less severe 
_ Inthe protocol groups than in the control groups. 


(Arch Surg. 1990;125:1332-1338) 


he balloon tip, flow-directed, Swan-Ganz pulmonary ar- 
tery (PA) catheter has allowed cardiac catheterization to 
be performed at the bedside of the critically ill patient. ™® The 
concept that catheters can be placed and various physiologic 
: measurements made in patients with shock and critical illness 


is more than half a century old.* However, therapeutic plans 


: based on physiologic measurements that are tested prospec- 
_ tively for efficacy has been slow in coming. The idea that a 


patient may be too ill or in a condition that is too unstable for 


meaningful measurements to be made was dispelled by Cour- 
_ nand et al,’ who demonstrated reduced cardiac output in 
-patients in traumatic shock with hypovolemia. 

Experimental and clinical studies have shown the impor- 
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tance of flow and oxygen transport as measures of overall 
circulatory function and tissue perfusion in several important 
conditions: (1) characterization of the various types of 
shock"**"; (2) description of the sequential patterns of evolv- 
ing shock syndromes*””; (3) differentiation of the circulatory 
patterns of surviving and nonsurviving patients®™®*"; (4) pre- 
diction of outcome”; (5) evaluation of the relative effective- 
ness of various types of alternative therapies**“"; and (6) 
prospect: ve testing of these therapeutic approaches in clinical 
trials.’ These studies were descriptive and empirical; they 
were not based on the popular preconceptions of shock or its 
current therapy, and essentially they did not require any 
important assumptions. 

The acquisition of monitored data per se does not directly 
affect outcome unless these data lead to changes in therapy. 
To evaluate the potential cost-effectiveness of a monitored 
system, it is therefore necessary to define specific therapeutic 
goals for the important variables being monitored. Asin other 
laboratory analyses, the normal range of variables must be 
defined and the optimal range of values must be specified in 
conditions where they are different from the normative 
standards. 

The aim of this ongoing study is to follow up a previously 
reported series’ with additional observations: (1) evaluation 
of high-risk criteria for preoperative patients in general sur- 
gical units; (2) the effectiveness of monitoring at various times 
in the postoperative period vs preoperative or early prophy- 
lactic monitoring; (3) the use of the pattern of oxygen con- 
sumption (VO,) variables to estimate oxygen debt; and (4) the 
efficacy of supranormal hemodynamic and oxygen transport 
values as treatment goals to improve outcome. The tested 
hypothesis was that early aggressive prophylactic therapy 
that forces the high-risk patient into the survivor pattern 
after surgery improves outcome. The corollary hypothesis 
was that prevention or early correction of the oxygen debt 
estimated from oxygen transport variables reduces organ 
failure and death. 
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MATERIALS AND METHODS 
Reference Series to Define High-Risk Criteria 


Twenty-five years ago, we began routinely selecting the most 

-severely ill patient available for invasive monitoring; this judgment 
was made on the basis of his or her clinical status. In essence, we 
: monitored the patient zonsidered to have the highest risk of dying 
‘after surgery. Subsequently, we evaluated the risk factors identified 

before surgery from January 1975 to December 1988 in terms of 
patient outcome (Table 1). 


Definition of Therapeutic Goals 


Normal values were the therapeutic goals in the control groups as 
wellas in the control series between the first and second trials and the 
poststudy control peried. By contrast, the therapeutic goals in the 
protocol group were supranormal values for cardiac index (CI) (4.5 
Limin/m®), oxygen dekvery (Do,) (>600 mL/min/m’), and oxygen 
consumption (Vo,) (> 170 mL/min/m’) previously defined empirically 
from the median values cf patients surviving critical surgical illness- 
es." These goals were given high priority in the treatment of 

„protocol patients. 


First Prospective Clinical Trial 


The first prospective trial consisted of 276 operations performed 
from January 1978 to June 1980 on 252 high-risk surgical patients 
requiring PA catheters. The patients were allocated by services to a 
control group with normal values as therapeutic goals and a protocol 
group with supranormal values as goals. 








High-Risk Criteria 


Previous severe cardiorespiratory iliness (eg, acute myocardial infarction, 
chronic obstructive pulmonary disease) 









Table 1.—Criteria for High-Risk Patients and Their Distribution to Therapeutic Groups 





Extensive ablative surgery planned for carcinoma (eg, esophagectomy and 





Control Period Between the First and 
Second Clinical Trials 


Between the first and second clinical trials another control period 
was undertaken to determine if similarly high mortality rates for 
high-risk surgical patients occurred after the first series, ie, from 
June 1980 to May 1983. 


Second Prospective Clinical Trial 


The second prospective trial was undertaken from May 1983 to May 
1984 to provide a more rigorous trial in which patients were strictly 
randomized before surgery by opening a sealed opaque envelope 
prepared by an outside person from a random number table; patients 
were then followed up during and after surgery according to their 
designated allocation to central venous pressure (CVP-control), PA- 
control, or PA-protocol groups. There were 146 high-risk patients 
who met one or more of the high-risk criteria before surgery and were 
offered the opportunity to participate in a strictly randomized trial. 
Of these, 45 patients were not randomized because, in the opinions of 
their resident or staff physicians, they were not considered ill enough 
to justify the 67% likelihood of invasive monitoring. Ten other pa- 
tients were taken to the operating room directly as emergencies and 
three patients’ operations were canceled; the remaining 88 patients 
were strictly randomized before surgery to one of three monitor- 
ing/treatment groups: (1) CVP-control group, ie, CVP with treat- 
ment based on the normal values provided by the CVP catheter as 
therapeutic goals; (2) PA-control group, ie, PA catheter with treat- 
ment based on the normal values provided by the PA catheter as 















No. of Patients With High-Risk Criterion* 


18 (0) 12 (8) 


























































































































“The numbers in parentheses indicate the percent of mortality when the criterion occurred. 
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total gastrectomy: prolonged surgery [>8 h]) 86 (20) 29 (34) 9 (11) 6 (0) 8 (12) 
Severe multiple trauma (eg, more than three organs or two systems or 
opening two body cavities) 29 (28) 16 (25) 7 (14) 0 1 (0) 
Massive acute blood boss (>8 U); blood volume <1.5 L/m?; hematocrit 
0.20 26 (27) 5 (20) 9 (11) 1 {100) 1 (0) 
Age >70 y and evidence of limited physiologic reserve of one or more vital 
organs 145 (35) 36 (36) 26 (35) 4 (25) 5 (0) 
Shoek: mean arterial pressure <60 mm Hg; central venous pressure <15 
em. of water; urinary output <20 mL/h 9 (11) 4 (25) 2 (50) 0 1 (0) 
Septicemia: positive. biood culture or septic focus; white blood cell count 
ie 43.000; spikingfever to 38.3°C for 48 h 40 (47) 8 (37) 3 (33) 3 (67) 1 (0) 
Septic shock: same as above with hemodynamic instability 26 (69) 9 (78) 3 (33) 0 o 
Respiratory failure: Pao, <60 mm Hg on fraction of inspired oxygen >0.4; 
intrapulmonary shunt fraction >30%; mechanical ventilation needed 
Pash 11 (73) 7 (71) 2 (50) 0 0 
Acute abdominal catastrophe with hemodynamic instability (eg, 
pancreatitis, gangrenous bowel, peritonitis, perforated viscus, 
gastrointestinal bleeding) 246 (36) 56 (32) 49 (24) 18 (55) 17 (0) 
Acute renal failurezserum urea nitrogen > 17.9 mmol/L of urea; creatinine 
> 265 pmol/L 10 (60) 1 (33) 1 (100) 1 (400) 9 
Late-state vascular disease involving aortic disease 47 (28) 4 (25) 2 (0) 5 (40) 6 (0) 
Severe nutritional problems: weight loss >10 kg; plasma albumin 
concentration <30 g/L; osmolality <280 mmol/L 8 (25) 0 0 1 (100) 0 
Acute hepatic failure: bilirubin <51 pmol/L; plasma albumin concentration 
<30 g/L; lactic dahydrogenase >200 U; alkaline phosphatase 
F =400 U/L; ammonia >70 pmol/L 6 (100) 4 (100) 0 (6 0 
Central nervous system failure, coma 4 (78) 3 (67) 1 (100) 0 0 
Total deaths/risk criterion (mortality) 270/803 (34) 75/197 (38) 30/132 (23) 19/51 (37) 1/44 (3) 
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therapeutic goals; and (8) PA-protocol group, ie, PA catheter with 
treatment based on the supranormal optimal values determined em- 
pirically from survivor patterns as therapeutic goals. 

Fluid therapy and fluid losses were measured and recorded during 
surgery and in the first 48 hours after surgery in the control and 
protocol patients. 


Poststudy Control Period 
At the end of the second series, a policy limiting PA catheter use to 


> patients who had major clinical circulatory problems was instituted 


because of cost factors. The prophylactic use of PA catheters was only 
permitted for advanced circulatory problems, not for high-risk gener- 

_ alsurgical patients without existing circulatory problems. This policy 
was begun before we were able to review the charts and analyze our 
data. High-risk patients were followed up from May 1984 to May 
1985. 


Physiologic Methods 


Pulmonary artery catheters were placed percutaneously in study 
patients along with systemic arterial catheters to measure hemody- 
namic values and oxygen transport variables by previously described 
methods.*’” The measurements of data sets were taken within a 
1- to 2-minute period to calculate oxygen transport and other derived 
variables for each of the various intervals; 2186 sets of data were 
obtained in 252 patients from the first clinical trial and 984 sets from 
the second trial. Similarly, 239 patients were observed in a control 
period between the first and second series and 160 patients were 
observed in the poststudy control period. Altogether, more than 
700 000 measured and derived values were analyzed in this study. 


Therapeutic Approach 
The priorities of the control groups (CVP and PA) were normal 


: -` values that were the standard of practice in our institution; supranor- 


mal values of survivors were used for the protocol group. All groups 


“were given essentially the same types of therapy: whole blood, 


packed red blood cells, colloids, crystalloids, inotropic agents, vasodi- 
lators, and vasopressors. The difference was that the therapeutic 
goals in the protocol group required sufficient quantities of fluids 

(principally colloids) and inotropic agents (principally dobutamine) to 
attain the therapeutic goals. 


Statistical Methods 


Morbidity and mortality rates were analyzed by x’ analysis with 
Yates’ correction for small cell size. Hemodynamic data within groups 
and between groups were analyzed with paired and unpaired Stu- 
dent’s t tests and analysis of variance (ANOVA) with Newman-Keuls 
Test for significance of individual comparisons. 


RESULTS 
Evaluation of High-Risk Criteria 


Table 1 lists high-risk factors and mortality rates in a 
reference population of 708 consecutively monitored patients 
and in the control and protocol groups of the first and second 
prospective clinical trials. The mortality associated with each 
high-risk criterion in the reference group was similar to that 
in the control series but was markedly reduced in the protocol 
groups of both trials. 


Outcome Data of the First Clinical Trial 


The data of the first clinical trial were previously presented 
in part’ and are briefly summarized here for purposes of 


— comparison. Of 151 control patients undergoing 168 opera- 


tions, 57 died (88%); of 101 protocol patients undergoing 108 
operations, 21 died (21%). Sufficient numbers were acquired 
to stratify patients into the following categories: (1) those 
with normal preoperative CIs; (2) those with preoperative 
hyperdynamic patterns from sepsis, trauma, stress, and late- 
stage cirrhosis; and (3) those with low preoperative CIs from 
hemorrhage, cardiac problems, and old age. In the series as a 
whole and in each category in which there were adequate 
numbers, the protocol patients had higher CIs, Do,, and Vo, 
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Table 2.— Intraoperative and Early Postoperative Fluid 
Management* 


CVP-Control PA-Control PA-Protocol 


intraoperative Fluid Management, mean + SD 
Fluid irtake, mL 
Crystalloids 


Collcids 











3974 + 4071 
855 + 1706 


3611 +3031 
810+ 897 


3207 + 1258 
1072+ 541 
























Blood, packed cells 803 + 1572 828 + 1659 605 + 534 
Estimated losses, mL 
Blood loss 1255+2012 1162+2737 929+ 524 
















991 +722 743 + 663 732 +819 
203821416 1896+1421  1387+1160 
Balance, mL +1348+4590 +.1448+ 1587 + 1836+ 1916 
Operative time, h 42+24 4142.7 3.9+1.6 


Flaid Management First 48 Hours After Surgery, mean + SD 
Fluid intake, mL/48 h 
Crystalloids 


Colloids 
Biooc, packed ceils 


Fluid losses, mL/48 h 
Urine-output 


Other 


Balance, operative and 
postoperative, mL 


Urine output 








Fiuid loss 




























7581 + 2030 
719 + 826 
261 + 386 


5980 + 1751 
781 +937 
333 + 443 


6474 + 1888 
1932 + 1837*t 
345 +675 




























5119+ 2061 
1056 + 958 


4383 + 2425 
1060 + 938 


5887 + 1833 
1849 + 1606 



















+3734+42226 +3099+2741 +2851 +2954 


*CVP indicates central venous pressure; PA, pulmonary artery. 
+P-<.05 for PA-Protocol vs CVP and PA-Control by unpaired Student's t test. 


relative to their own preoperative values and relative to the 
correspending control patients. However, 31% of these pa- 
tients ertered the study late in their postoperative course; we 
observed that these patients did not do as well as those whose 
monitormg began before surgery. 


Control Period Between the First and Second 
Clinical Trials 


The control period between the first and second clinical 
trials documented the persistence of a high (28%) mortality 
rate for the high-risk surgical patients. Thus, there was only a 
minimal insignificant after-effect from the first study. 


Outcome Data of the Prospective Randomized Trial 


There were no significant differences in outcome data be- 
tween the CVP-control and PA-control groups in the random- 
ized series. However, the PA-protocol group had markedly 
reduced mortality (4% vs 33%; P<.02), number of ventilator 
days (2.6+3.4 days; P<.05), number of intensive care unit 
days (1C.2+1.6 vs 15.8+3.1 days; P<.05), and hospital 
charges $27 665 vs $37 335). The charges were about 25% less 
than those for the PA-control group and about 50% less than 
these forcontrol patients calculated per survivor. 

Table £ lists the fluid intake and estimated losses during the 
intraoperative period and during the first 48 hours after 
surgery “or each of the three groups. There were no signifi- 
cant differences between the groups except that about twice 
as much eolloids (3 L) were administered to the PA-protocol 
group during and after surgery. We were able to achieve the 
supranormal goals with fluids alone in 19 (68%) of 28 patients. 
Dobutarcine was used to attain these goals in 7 (25%) of 28 
patients because of its capacity to improve oxygen trans- 
port”; nitroprusside was used in two patients (7%). 


Organ Failure and Other Complications 


The number and types of organ failure are shown for each 
group in Table 3. Only one vital organ failure occurred in the 
protocol zroup, while the control groups had significantly 
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Table 3.—Organ Complications and Failures* 


No. of Complications 


Nonrandomized Series 
(n= 45) 








Postoperative vital organ failure 
Respiratory failure 





CVP-Control 
(n=30) 











‘Renal failure 





‘Sepsis and septic:sshock 


Acute myocardial 
infarction/ailure 

















Hepatic failure 

Disseminated 
intravascular 
coagulation 


Total failures 























Nonvital organ complicatons 
Pulmonary edema 


Pleural effusion 
Wound infection 











Evisceration 
intra-abdominal abscess 











Postoperative hemorrhage 








Pancreatitis 
Gastric outlet obstruction 





Urinary tract infection 





Cerebral infarct 
Total complications 
*CVP indicates centrai venous pressure; PA, pulmonary artery. 


“more organ failures. The number and types of non-organ- 
failure complications are shown for each group in Table 3. 
_ There were no appreciable differences between any of the 
= groups, including the protocol group. This indicates that the 
_ protocol group was as: susceptible to the usual non-organ- 
failure complications. after surgery as the control groups. 
`. There was no evidence that these technical surgical complica- 
tions are not directly related to tissue perfusion. 


Poststudy Control Period 


In the poststudy control period, the hospital mortality of 
the high-risk patients returned to 25% and there were six 
more PA catheters placed during the postoperative periods 
than during the preceding year. 


Efficacy of Starting invasive Monitoring After Surgery 


Of the 490 contrel patients from the two clinical trials and 
the two control periods in which monitoring was started after 
surgery, 142 died (29%); this rate was similar to the 30% 
mortality (82/107) of the preoperatively monitored PA-con- 
trol patients. By centrast, the mortality rate of the protocol 
patients from the two trials whose monitoring was started 
before surgery (14% and 4%) was significantly less than that 
of the control patients whose monitoring was started after 
surgery (82%; P<:05) as well as that of all control patients 
whose monitoring was begun before surgery (30%; P<.01) or 
after surgery (29%; P<.05), The monitoring was started a 
mean (+ SD) of 2473 +418 minutes after surgery for nonsur- 
vivors. and 1428 + 206 minutes for survivors. 


Calculated Oxygen Debt 


“The Vo, needed was estimated from the preoperative base- 
line Vo, values corrected for temperature and for the effect of 
_ anesthesia by a previously described method.” The oxygen 
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debt or excess was calculated as follows: the estimated Vo, 
needed minus the actual Vo,. The net cumulative oxygen debt 
was calculated as follows: (estimated Vo, needed minus the 
actual Vo,) multiplied by time. The sequential pattern of 
oxygen deficit or excess for the control and protocol patients 
was computed for the second clinical trial (Figure). The proto- 
col patients had less oxygen debt and this was corrected by 
about 12 hours after surgery, while the control patients con- 
tinued to accumulate more oxygen debt for 36 hours after 
surgery despite their normal blood pressure, CIs, blood gas 
levels, and urine output. 


COMMENT 


Controversies about the PA catheter have usually centered 
on its indications. However, the real issue is not obtaining 
measurements, but rather the therapeutic use of these mea- 
surements. Therefore, it is necessary to separate the mea- 
surements obtained by each of the catheters from the uses 
made of these measurements. Obviously, the measurements 
per se will not affect outcome, if therapy is not modified 
because of them. To resolve this issue, we compared the 
measurements with CVP and PA catheters in relationship to 
the therapeutic use made of them. When the therapeutic aim 
was to obtain normal circulatory values, no advantage of the 
PA catheter was demonstrated. However, when the thera- 
peutic aim was to attain the supranormal (optimal) values, PA 
catheters significantly reduced mortality and morbidity. 

Generally, measurements are made to document an abnor- 
mality, which is then corrected by appropriate therapy. Con- 
ventional wisdom is to relate cardiac output (or index) values 
to pulmonary capillary wedge pressures according to the 
Starling myocardiac performance curve. Using CI values less 
than 2 L/min/m’ to indicate hypoperfusion and wedge pres- 
sures greater than 18 mm Hg to indicate fluid overload, 
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Hours After Surgery 


Intraoperative 1 2 4 8 12 24 


Cumulative 
Excess Preoperative 





Net cumulative oxygen debt (below 0 line) 
or excess (above 0 line) for protocol (solid 
line) and control (dashed line) patients 
during surgery and at intervals in the early 
postoperative period. Note that protocol 
patients had smaller oxygen debts in 
shorter postoperative periods than controt 








ae Forrester et al’ provided a standardized therapeutic ap- 
proach based on the four quadrants defined by these two 
< values. This monitoring paradigm has become widely ac- 


cepted, especially for cardiac patients. 

The observation that surgical and accidental trauma, sep- 
= usis, stress, and cirrhosis lead to increased flow and oxygen 
-<> transport, although well documented, is contrary to the tradi- 
tional wisdom that equates hypotensive shock with low flow. 
“However, it is well documented that survivors have higher 
flow and greater oxygen consumption than those who died. ™” 
The tested hypothesis was that if early prophylactic therapy 
< brings the patient into the survivor pattern, there will be 
improvement in mortality and morbidity (Table 1). The basic 
physiologic mechanism underlying the nonsurvivor pattern 
was that postoperative circulatory problems result from inad- 
equate (not necessarily low) flow and inadequate (not neces- 
sarily low) oxygen transport that produces tissue hypoxia. 
This can be evaluated as the deficit of oxygen uptake calculat- 
ed from the difference between the patient's estimated Vo, 
need and the actual measured Vo,. The evidence of the pre- 
sent study suggests that the amount of estimated oxygen 
deficit is correlated with death and organ failure. The corol- 
lary hypothesis is that if the oxygen debt is prevented, or 
minimized, and promptly corrected, there will be reduced 


-mortality and morbidity. This was demonstrated in the pro- 


spective randomized controlled study (Figure). 

We realize that most surgical patients do rather well; over- 
all mortalities of less than 2% in major surgery are usually 
considered acceptable in most hospitals. Hence, most sur- 


=i geons are unwilling to depart from their well-organized rou- 


tines until it is obvious that something has seriously gone 
wrong. By this time, lethal postoperative complications may 
already have begun, and it is too late for early, much less 
prophylactic, therapy. Preoperative identification of high- 


-13 risk patients and the use of prophylactic monitoring to opti- 
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mize circulatory function generally have not been accepted. 
Moreover, the concept has been only slowly appreciated that 
the high-risk patient could be identified before surgery by 
clinical criteria and that the majority of surgical deaths and 
organ failures could be prevented by prophylactic therapy 
that augmented compensatory responses to tissue hypoxia. 

Of considerable interest was the group of 45 patients who 
met the entrance requirements of the study but were not 
randomized into the study. The attending surgeons or their 
chief residents did not want the patients to be included in the 
study largely because they felt they were not sick enough and 
did not need monitoring. This group had the highest mortality 
(38%) and the highest. morbidity. Ironically, 60% of these 
patients ultimately had a PA catheter placed after surgery by 
those who thought they did not need it. Unfortunately, when 
the PA catheter was placed, usually after onset of a lethal 
complication, it did not improve the group mortality. The 
obvious conclusion is that it is much easier to prevent circula- 
tory problems than it is to treat them after they have become 
clinically established. 

We found empirically that the optimal supranormal goals 
were much easier to obtain with colloids than crystalloids. 
This may be contrary to conventional surgical traditions, but 
it is supported by prospective, random-order, cross-over tri- 
als. 

Finally, immediately after the randomized portion of the 
study was completed but before we could analyze the data, a 
departmental decision was made not to place PA catheters 
before surgery but to wait until the patient had circulatory 
problems. During this period, the mortality of high-risk pa- 
tients returned to 25%. Ironically, there was no saving in the 
number of PA catheters used during that year-long trial. We 
conclude that the effectiveness of the PA catheter in postop- 
erative patients is seen when it is used prophylactically to 
prevent organ failure and death from inadequate tissue oxy- 
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genation by optimizing cardiac output and oxygen transport 
variables. 

The PA catheter is not more effective than the CVP cathe- 
ter when cardiac output and intravascular pressures are mea- 
sured in an uncoordinated manner or when normal values are 

cused as therapeutic goals, The data support the hypothesis 
“thatthe increased CI and Do, are compensations to the prima- 
__ ry physiologic problem of uneven flow, inadequate perfusion, 
~ and inadequate tissue oxygenation. Inadequate perfusion can 





be prevented or corrected by early aggressive therapy direct- 
ed at attaining supranormal goals empirically defined by sur- 
vivors. The data also support a second correlative hypothesis 
that the tissue perfusion deficit can be evaluated as an oxygen 
debt in the early postoperative period estimated from the net 
cumulative Vo, deficit or excess. The amount and duration of 
oxygen debt is related to vital organ failure and death. When 
the Vo, deficit is prevented or corrected by early aggressive 
therapy, marked improvement in outcome occurs. 
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Discussion 


JAMES W. HoLcror?, MD, Sacramento, Calif: Optimum hemody- 

- namic values for treating the critically ill surgical patient are dis- 

cussed frequently, especially when our colleagues in internal medi- 

cine are asked to see the patient in consultation. Internists are usually 
delighted if they car’ achieve normal cardiac outputs and normal 
oxygen consumptionsin their critically ill patients. ACI of 3 L/min/m’? 

. jnapatient with a recent myocardial infarction, for example, is more 
than enough. The heart in such a patient should be allowed to rest, 
and the total amount of tissue that might need extra perfusion for 
healing is relatively small (although, admittedly, the damaged tissue 
is located ina critical organ). 

The septic or severely traumatized surgical patient, however, 
presents a different problem. The surgical patient may have kilo- 
grams of infected or injured tissue. This tissue needs augmented flow 

< to curtail its infection or to heal its damaged cells. Furthermore, the 
surgical patient is likely to have at least some myocardial reserve. 
Surgical patients with no myocardial reserve do not survive their 
initial injury or operation. 

Thus, the internist and surgeon bring different perspectives to the 
intensive čare unit. Ore of the major contributions of the work of 
Shoemaker et al is that it provides evidence that the surgical patient 
does better with a supranormal CI, with its resultant supranormal 
delivery of oxygen to the tissues. Achieving these supranormal val- 
ues may require the acministration of large amounts of fluids, per- 
haps more than the internist feels comfortable with, but the Swan- 
Ganz catheter can settle any disagreements. The goal for most 
surgical patients, in contrast with medical patients, is a CI of 4.5 
L/min/m' in a patient-younger than age 50 years with good coronary 
arteries and a CI of 3.5 L/min/m’ in an older patient with coronary 
disease. The wedge pressures can usually be kept around 12 mm Hg 
for patients who are being mechanically ventilated and around 7 mm 


l Heg for those who are-breathing without mechanical assistance. This 





study and previous studies from Dr Shoemaker’s group represent the 
only attempts that I know of to deal with the critical question of what 
is the optimal CI in the surgical patient. 

Hew were the supranormal CIs achieved? Supplementary tables 
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indicate that the filling pressures were the same between the control 
and protocol patients, and the tables in the article indicate that fluid 
administration between the groups was also comparable. Were the 
protocol patients given no more fluid than the control group? How did 
the anesthesiologists use the Swan-Ganz information in treating the 
patients during surgery? The tables indicate that the intraoperative 
treatment of the groups was close to identical. Did the anesthesiolo- 
gists use the CI as one of their principal end points or did they use the 
filling pressures? If they did use the CI, what values did they try to 
achieve, considering that the anesthetized patient probably does not 
require as much oxygen for tissue metabolism as the unanesthetized 
patient? The authors found that the patients who were maintained at 
high postoperative CIs were less likely to suffer later major organ 
failure. Have the authors attempted a more thorough statistical 
analysis than that described in this article? In particular, have the 
authors attempted to correlate postoperative organ failure with CI 
using, for example, multiple logistic regression? How long should a 
patient be kept in a hyperdynamic state? Our experience suggests 
that a few days is enough, assuming that the patients postoperative 
recovery is uncomplicated. Last, were there any complications asso- 
ciated with insertion or use of the Swan-Ganz catheters? In particu- 
lar, what was the incidence of catheter sepsis? 

JOHN R. BENFIELD, MD, Sacramento: Study design and execution 
are interesting aspects of the work of Shoemaker et al because they 
are unspoken commentaries about the difficulties of doing clinical 
research in critically ill patients. Informed consent is hard to obtain, 
yet it is crucial that we have the information that such work will 
provide. 

Among 146 patients eligible for random allocation to treatment to 
achieve normality compared with “supernormality,” 88, or about 
60%, were entered into the protocol. I see the cup as 60% full rather 
than 40% empty and congratulate Dr Shoemaker for his persistence 
in providing us with clinically relevant information. Pulmonary ar- 
tery catheters for monitoring helped achieve the “supranormal” state 
and higher survival probability. The pulmonary circulation monitor- 
ing may have prevented harmful fluid overload. 
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Since there is a difference between young trauma victims and 
critically ill old patients insofar as their tolerance to overly aggressive 
resuscitation is concerned, it will be important in future studies to 
quantitate this difference. To what degree can one rely on the simpler 
methods of monitoring CVP, urine output, and body weight to 
achieve precise resuscitation tailored to the needs of an individual 
patient? How often, if at all, did pushing patients into the so-called 
supranormal state result in temporarily harmful side effects? Al- 
though CVP catheters are as effective and less costly than PA cathe- 
ters in some patients, I believe prophylactic monitoring of physiologi- 
cally impaired patients, particularly the elderly, with the use of PA 
catheters is worthwhile and fiscally responsible. 

Louis L. SMITH, MD, Loma Linda, Calif: We frequently forget 
that the blood volume is contained in an elastic container that is also 
permeable. Certain toxemic states can produce a maldistribution 
situation resulting in the sequestration of large volumes of blood, 
particularly in the pulmonary circulation and postcapillary venules. 
When this occurs in the critically ill patient, additional blood volume is 
necessary if we are going to provide optimal cardiac filling pressures. 
Have the authors noted acute circulatory changes in patients in the 
control group following the induction of anesthesia? What volume of 
colloid was used in the different groups? It appeared that your 
treatment group received a greater amount of colloid than the control 


up. 

KENNETH S, WAXMAN, Orange, Calif: Other research points to 
inflammatory mediators as the underlying cause of the hypermetabo- 
lic state. What is the role of inflammatory mediators and how does 
this concept fit with your data? Is there a difference between the 
hyperdynamic state of the early postoperative period and that follow- 
ing trauma, sepsis, and burns where most of the inflammatory media- 
tor work has been done? If the hyperdynamic state is compensatory 
for ischemic tissue injury and is of survival value, and ifit is physiolog- 
ically important to have high cardiac output and high oxygen con- 
sumption, might therapeutic approaches designed to decrease these 
hemodynamic and metabolic responses be harmful? 

C. JAMES CARRICO, Seattle, Wash: I am concerned about the 
randomization used. The proposal, as I understand it, is that the 
conversion of the patients’ hemodynamic values to the supranormal 
state dramatically reduced the mortality from 43% to 4%. In the 
nonrandomized group, the CVP control group, and the PA control 
group a significant number of patients had septic shock. In contrast, 
in your PA protocol group, only one person was listed in the category 
of sepsis or septic shock. Could that explain the difference in out- 
come? Was there a quirk in the randomization that ended up with a 
very small number of people with sepsis in the PA protocol group and, 
thus, a much higher survival unrelated to treatment? I am not chal- 
lenging the importance of monitoring and maximizing oxygen con- 
sumption. I am asking whether the dramatic difference in survival is 
related to a quirk in randomization rather than the therapy. 

JONATHAN R. HIATT, MD, Los Angeles, Calif: Monitoring is of 
greatest value when instituted early. The patient who gets a Swan- 
Ganz catheter after surgery often represents a failure to recognize 
the need for monitoring. Patients who would benefit most from early 
monitoring are the critically injured trauma victims, particularly the 
elderly, yet monitoring is logistically difficult in a busy emergency 
department. What monitoring should we do in the emergency depart- 
ment at the outset of resuscitation and, in particular, when should 
invasive hemodynamic monitoring be begun? 

DR SHOEMAKER: Drs Holecroft and Benfield have pointed out that 
we are looking at median values of the survivors to test our hypothe- 
sis. In fact, there is a range of survivor values, but we can only test a 
number, not a range. Therefore, this is an oversimplification. More- 
over, the septic patient, the cirrhotic patient, and the patient who has 
preexisting trauma have high cardiac output values before surgery. 
The survivor patterns of those groups will have further increased 
compared with their own baseline values. Unfortunately, we have to 
oversimplify to test the hypothesis. 

Dr Holeroft, on occasion we have raised the wedge pressure up to 
18 to 20 mm Hg to achieve the goals of therapy. The volume of fluids 
used was very similar; greater amounts and higher percentages of 
colloids were used in the protocol patients to achieve the goals. A 
mean of 3 L of albumin was used, compared with less than half that 
amount in the control group. We do not want to advocate any particu- 
lar therapy, but rather seek to observe the effects of two different 
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therapeutic goals. For the purposes of this study, it does not matter 
how these goals are attained as long as they are reached promptly. In 
68% of the cases in this study the goals were attained with fluids 
alone. In 32% of the cases we had to add an inotropic agent, usually 
dobutamine. In 7% of the cases we also used vasodilators. 

The anesthesiologists and surgeons had agreed to the conditions of 
the study and had agreed to follow the protocol before, during, and 
after surgery. Before and during surgery we used the normal values 
because of the cardiac depression effects of most anesthetics, but in 
the immediate postoperative period the supranormal values empiri- 
cally sean in survivors were used. The question about a more thor- 
ough aralysis of postoperative patterns is very appropriate. Recent- 
ly, we evaluated a series of 708 postoperative patterns more 
completely using some 30 different criteria for stratification. You are 
quite correct that the elderly patient, particularly the patient older 
than 70 years, does not need to achieve quite as high values. The 
question of how long is necessary to maintain optimal values is 
unanswered by these studies. However, we assume that 3 to 5 days is 
adequate. If the clinical condition is satisfactory, then we gradually 
lower the goals. If the patient develops sepsis, adult respiratory 
distress syndrome, or other complications, supranormal goals are 
maintained until recovery. 

The complications from the Swan-Ganz catheter included transient 
premature ventricular complexes on insertion of the catheter in 12% 
of patients. Four septic patients had positive cultures, but they 
cleared ap as soon as the catheters were removed. Five percent of 
patients had inflammation at the site of the insertion. There were no 
long-lasting or clinically harmful complications. Dr Smith, no patient 
in the series had a hypotensive episode while receiving anesthesia, 
but we have, of course, seen this. We think this really reflects an 
underlying preoperative hypovolemia. Usually this is demonstrated 
by low wedge pressures. Dr Benfield, we were unable to recognize 
tissue hypoxia, which we believe is the underlying problem in postop- 
erative shock and organ failure, with the conventional blood pres- 
sure, urine output, body weight, and intake and output. For this 
reason, we had to resort to measurements of oxygen transport. Also, 
you correctly pointed out that we are looking at median values when 
they are really a range. When the median value is used, it implies that 
49% of the survivors did not reach the median while 51% reached even 
higher values. In answer to questions about the complications, two 
patients in the PA-protocol group, one of whom had a high CVP with 
mitral disease before surgery, and three patients in the control group 
developed pulmonary edema. One patient in the protocol group and 
nine in the control group had adult respiratory distress syndrome. 
We do not think that the overadministration of fluid is much of a 
problem. Pulmonary edema is easily corrected, but adult respiratory 
distress syndrome still carries a 50% to 60% mortality. This, there- 
fore, is the most important issue. 

Dr Hiatt asked when to start the monitoring. We think that this is 
possible in the emergency department with noninvasive systems. It 
is hard tc insert a Swan-Ganz catheter in the emergency department, 
but if there is time we recommend this be done before surgery. Dr 
Waxman, the inflammatory mediators are extremely important is- 
sues but they are different from the issues that we addressed. Usual- 
ly the time differences separate the hyperdynamic states. We are 
addressing the immediate or very early increase in cardiac output in 2 
to 12 hours. The inflammatory mechanisms often begin within 2 to 4 
days or more after surgery and are associated with the septic hyper- 
metaboliz course from different mechanisms as well as specific media- 
tors. Our concept is to prevent tissue hypoxia or, failing this, to 
rapidly correct the tissue hypoxia with aggressive therapy in the 
immediate period. Dr Waxman clearly pointed out that the hyperdyn- 
amic response may be an early compensation to tissue hypoxia, but 
the hyperdynamic state may subsequently reflect a septic pathologie 
state. 

Dr Carrico, on the distribution of high-risk criteria between the 
control and protocol groups, the purpose and design of our study was 
to evaluate therapy in all high-risk patients, but because of the large 
number ef criteria for high-risk patients and the limited number of 
study patients, there were inadequate numbers to evaluate this 
concept for each criterion. Moreover, there is a likelihood of bias in 
that there were three control patients but only one protocol patient 
with septicemia in the second series. However, in the first series, 31% 
of the protocol patients and 26% of control patients had septicemia, 
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Popliteal Vascular Trauma 


A Community Experience 


James J. Peck, MD; A. Brent Eastman, MD; John J. Bergan, MD; Mare M. Sedwitz, MD; 


David B. Hoyt, MD; Donley G. McReynolds, MD 


e Preventing amputation continues to be a significant chal- 
lenge when popliteal vascular Injuries occur. A retrospective 
_review of cases from the San Diego County (California) Trauma 
_ System identified 108 patients with 76 blunt and 32 penetrating 
arterial injuries. The limb preservation rate was 88%; there were 
~ 13 amputations. The fracture—disiocated knee injury and close- 
range shotgun blasts were particularly limb threatening. In gen- 
eral, the trauma system achieved rapid evaluation of injuries and 
early operative intervention. All 13 patients who underwent am- 
putations presented with signs of severe ischemia. Concomitant 
: Injuries to the popliteal vein, tibial nerves, and soft tissue were 
: “significantly more frequent in patients who underwent amputa- 
:: tions. The importance cf complete fasciotomy for compartment 
- hypertension, early reconstructive management of soft-tissue 
injuries, and expeditious arterial repair, frequently without pre- 
operative roentgenographic suite arteriography, is emphasized. 
An aggressive, multidisciplinary approach is required to achieve 
afunctional extremity when popliteal vascular trauma occurs. 
(Arch Surg. 1990;125:1339-1344) 


[se to popliteal vasculature taxes the ingenuity and 
perserverance of the trauma surgeon. The importance of 
evaluating the popliteal artery in patients with penetrating 
injuries, dislocations, and fractures around the knee has be- 
come ingrained in vascular surgical practice. Although peri- 
: genicular vascular injury accounts for only 10% of vascular 
trauma, it causes 65% of the amputations.’ Procrastination 
with such injuries threatens viability because of the failure to 
restore perfusion to the microcirculation within a period of 
ischemic tolerance. Salvage of these limbs with combined 
vascular, skeletal, and soft-tissue trauma requires a multidis- 
ciplinary approach. Management must be directed not only to 
the initial limb survival, but also to the eventual functioning of 
the extremity. 
Morbidity and. amputation in cases of popliteal vascular 
‘injury are related to a delay in recognition and treatment of 
these injuries. A well-organized civilian trauma system 
should facilitate the rapid identification and treatment of such 
patients and improve limb salvage if proper management 
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techniques are observed. The purpose of this study was to 
review these goals in this regionalized trauma system. 


PATIENTS AND METHODS 


From January 1, 1985, until July 1, 1989, 108 consecutive patients 
with popliteal vascular trauma were admitted to one of five adult 
trauma centers in San Diego County, California. Four of these are 
level 2 community hospital trauma centers and one is a level 1 
university hospital. Each hospital provided a 24-hour trauma team 
that included an in-house trauma surgeon. Triage protocols direct 
severely injured patients to these trauma centers. 

All patients underwent a concurrent medical audit process using a 
computerized trauma registry. Charts were reviewed retrospective- 
ly by one of the authors (.J.P.). All deaths and major complications 
were reviewed monthly by the Medical Audit Committee of the San 
Diego County Trauma System.’ Two-tailed Fishers Exact Test was’ 
used to compare patients who underwent amputations with those 
who did not. Differences were interpreted as statistically significant 
at P<.05. 


RESULTS 
Response Time 


The mean prehospital time was 37 minutes, with a range of 
9 to 82 minutes. Eighty-five percent of the patients were in 
the trauma center within less than 50 minutes after paramed- 
ics received the dispatcher’s call. 


Mechanism of Injury 


There were 102 males and six females ranging in age from 
16 to 59 years (mean age, 28 years). The mechanism of injury 
was blunt trauma in 76 patients (70%) and penetrating inju- 
ries in 32 patients (80%), as shown below: 


Trauma No. of Patients 
Blunt 
Pedestrian 36 
Motorcycle 16 
Automobile 16 
Falls 6 
Industrial 2 
Total 76 
Penetrating 
Bullet wound 17 
Knife/glass wound 10 
Shotgun wound 5 
32 
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Table 1.—Orthopedic Injuries in Popliteal Vascular Trauma 


No. of injuries 


EY 


Blunt Penstrating Total 
(n= 76) (n=32) (N= 108) 


Knee fracture-dislocations 27 0 27 


Knee dislocation alone 15 0 15 
Tibia/femur fracture 34 10 44 
Table 2.— Physical Examination Findings in Popliteal 
Vascular Trauma 


No. (%) of Patients 


(ett rt rte ARR 
Blunt Penetrating Total 
Finding (n=76) (n=32) (N= 108) 
Palpable pedal pulses 5 (7) 6 (19) 11 (10) 
No palpable pedal pulses 71 (93) 26 (81) 97 (90) 


Severe ischemia 48 (63) 22 (69) 70 (65) 


Table 3. -- Preoperative Angiography in Popliteal 
Vascular Trauma 


No. (%) of Patients 

tat re a 
Blunt Penetrating Total 

(n=76) (n= 32) (N= 108) 










































Radiology department 38 (50) 25 (78) 63 (58) 
Operating room 28 (37) 6 (19) 34 (32) 
None 10 (13) 1 (3) 11 (10) 





Associated Injuries 


Multisystem injuries occurred in 42 patients with blunt 
trauma and five patients with penetrating injuries. These 
included closed-head injuries, intra-abdominal trauma re- 
quiring exploratory celiotomy, and cardiac or pulmonary con- 
tusions. The associated orthopedic injuries are recorded in 
Table 1, 


Physical Findings 


Findings on the initial physical examination are shown in 


. Table 2. Eleven patients (10%) had a significant vascular 


injury and yet maintained palpable distal pulses. Severe isch- 
emia was manifested by a cool, pulseless foot, with sensory 
and motor deficit (Table 2). Angiography was performed 
prior to surgery in 97 patients (90%) (Table 3). 


Operative Findings and Repair 


. Vascular repair was accomplished in 107 of the 108 patients. 
One patient underwent immediate amputation of a severely 
‘crushed extremity with avulsion of the popliteal artery and 
vein and the posterior tibial nerve. 
The time from admission to surgery averaged 2 hours 45 
“minutes for patients with blunt trauma and 2 hours 55 minutes 
for patients with penetrating injuries. Intimal injury with 
thrombosis or transsection of the popliteal artery occurred in 
96% of patients with blunt trauma and 81% of patients with 
penetrating injuries (Table 4). Pseudoaneurysm formation or 
arteriovenous fistulas were seen in six patients with pene- 
trating trauma and three patients with blunt injuries. 
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Table 4.—Operative Findings in Popliteal Vascular Trauma 


No. (%) of Patients 


Blunt 
(n=76) 


Penetrating Total 
(n= 32) (N= 108) 


Artery thrombosed 38 (50) 10 (31) 48 (44) 
Artery transsacted 35 (46) 16 (50) 51 (47) 
Pseedoaneurysm 2 (3) 3 (9) 5 (5) 
Artesiovenous fistula 1 (1) 3 (9) 4 (4) 


Trifuscation arteries 
also involved 


Popfteai vein 
also involved 











24 (32) 4 (13) 28 (26) 


18 (24) 9 (28) 27 (25) 


Table 5.—Vascular Repair in Popliteal Vascular Trauma* 


Arterial Repair 


(netics OA 


Blunt Penetrating Total 
(n=75)t (n=32) (N= 107)t 


Primary end-to-end 30 (40) 20 (63) 50 (47) 
Vein:interposition graft 33 (44) 8 (25) 41 (38) 


Vein:-bypass graft 10 (13) 3 (9) 13 (12) 
Vein:patch 2 (3) 1 (3) 3 (3) 
Venous Repair 


7 coor oeneeeeeeneneneeeeneeneneneneneenennannnseneameeniememmemnnennmennnenmeammemmmemmmmmmmmmaneiny 
(n=18) (n=9) (N=27) 
Ligaiion 8 (44) 5 (55) 13 (48) 


*Numbers are the No. (%) of patients. 
tOne orimary amputation. 








The types of repair are listed in Table 5, with primary end- 
to-end repair occurring in 63% of penetrating injuries com- 
pared with 39% of blunt injuries. The popliteal vein was 
repaired in 10. of 18 patients with blunt trauma and four of nine 
patients with penetrating injuries. Fogarty catheters were 
passed in all but one patient. One hundred and three revascu- 
larized patients (96%) were given heparin during surgery. In 
19 patients (18%) regional heparin alone was administered, 
and in 34 patients (82%) systemic heparin was administered. 


Operative Adjuncts 


Four-compartment fasciotomies were performed in 54% of 
blunt injuries and 28% of penetrating injuries, with long 
dermotomies in all but seven patients. In 77% of the patients 
external fixators were used for skeletal stabilization for frac- 
tures and dislocations. Vascular repair preceded orthopedic 
stabilization in 88% of patients with blunt trauma and 100% of 
patien:s with penetrating injuries with fractures. An intralu- 
minal shunt was used in five of the nine patients who required 
orthopedic stabilization before vascular repair because of a 
flail extremity. Eighteen patients had complex soft-tissue 
defects that subsequently required muscle flaps for coverage. 
Soft-tissue infections occurred in 36 patients (42%) with blunt 
trauma and six patients (19%) with penetrating injuries. 


Morbidity and Mortality 


In the 107 patients who underwent arterial reconstruction, 
97 had durable anastomotic repairs. The limbs of five patients 
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could not be salvaged by reoperation and five other patients 

did not undergo reexploration. All 10 of these patients under- 

went amputation. Technical errors occurred in three other 

cases and these injuries were successfully repaired by reoper- 

zation. There was an intimal flap in two patients and an inade- 
quate fasciotomy in one patient. 

The limb preservation rate was 88%. All 13 patients who 
required amputation were in the subset of 70 severely isch- 
emic patients who presented with a cool, pulseless foot and 
neurologic deficit. Eleven amputations occurred in patients 
with blunt trauma. Seven had fracture dislocations of the 
knee, three had tibial plateau fractures, and one had a knee 
dislocation without fracture. Two amputations occurred in 
patients with penetrating injuries; both sustained close-range 
shotgun wounds. 

Concomitant injuries to the vein, nerve, or soft tissue were 
significantly more frequent in the 13 patients with amputated 
limbs. The vein was transsected or thrombosed in nine pa- 
tients (P>.05). Nerve injury in the popliteal fossa was identi- 
fied in nine patients (P>.05). Extensive soft-tissue injury 
with crushed muscle, avulsion, or stripping of the periosteum 
was present in 12 patients (P>.05). 

Eleven of the 13 patients who underwent amputation had 
an interposition or bypass venous graft. The overall amputa- 
tion rate with this form cf arterial reconstruction was 11 (20%) 
of 54 patients. Primary end-to-end repair failed in one (2%) of 
50 patients. 

The mean time between admission and surgery, age, injury 
severity score, and involvement of distal tibial vessels were 
no different for patients with amputated limbs than for the 
entire series (P>.05). There were no amputations in the 38 
good-risk patients presenting with a viable foot and, as a 
group, they had longer intervals from admission to surgery 
than severely ischemie patients. The numbers were too small 
to show statistical significance for age, injury severity score, 
and tibial vessel involvement. 

The 13 patients who underwent amputation were scruti- 

“nized for technical and judgmental errors that may have led to 
limb loss, as shown below: 


Reason for Amputation No. of Patients 
Unsalvageable limbs 4 
Error in diagnosis 2 
Error in judgment 2 
Error in technique 2 


Four patients were judged to have unsalvageable limbs. 
One underwent a primary amputation because of an avulsed 
posterior tibial nerve. Three others underwent delayed am- 
putations within 48 hours after the initial exploration and 
vascular anastomosis because of unsalvageable soft-tissue- 
_ crush injuries with small-vessel thrombosis. Nine (69%) of 13 
* patients had potentially preventable amputations. 

Errors in diagnosis occurred in two cases in which there 
was delayed recognition of anastomotic thrombosis and no 
reoperative effort. Errors in judgment occurred in two cases. 
Both patients underwent radiographic suite arteriography 
despite presenting signs of severe ischemia. This delayed 
revascularization for 2 and 3 hours, respectively. Finally, 
errors in technique oceurred in five cases. In two of these 
patients, fasciotomies and dermotomies were not performed 
during the original precedure. One patient had a primary end- 
to-end repair under tension that could not be salvaged with a 
later interposition graft. Two patients had patent arterial 
repairs but developed sepsis from soft-tissue myonecrosis. 
- More aggressive early débridement of devitalized tissue 
| might have saved the limbs. There were two deaths. One was 
due to a severe head injury and the other was secondary to 
-pulmonary embolism. Both deaths were determined to be 

nonpreventable. 
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Functional Recovery 


Ninety-three patients were alive with limb salvage. In- 
hospital ambulation was achieved prior to discharge in 79 
(85%) of these patients. Sixty-six patients walked without 
assistance and 13 required a cane or walker. Fourteen pa- 
tients (15%) were unable to walk. Six had closed-head injuries 
and eight were transferred to rehabilitation facilities for com- 
plex orthopedic and soft-tissue injuries. All patients with stab 
wounds or low-velocity gunshot wounds became ambulatory. 


COMMENT 


During World War II, primarily penetrating popliteal arte- 
rial injuries were treated by ligation. This led to a 73% ampu- 
tation rate.’ Experience with arterial repair and reconstruc- 
tion in the Korean conflict lowered this rate to 32%.‘ In the 
Vietnam conflict, this rate remained at 29%.” Management in 
civilian practice has been more discouraging, with a reported 
amputation rate of 42%.° Recently, the civilian experience has 
been encouraging, with a decline in amputation rates from 
15% to 0%."* 

Civilian trauma managed in the San Diego County Trauma 
System resulted in an 88% limb preservation rate in patients 
with popliteal arterial injuries. In general, an efficient pre- 
hospital system resulted in rapid evaluation and early opera- 
tive intervention. The unstable knee injury and close-range 
shotgun blasts were found to be particularly limb threaten- 
ing. All amputations occurred in extremities presenting with 
a cool, pulseless foot and neurologic deficit. In such cases of 
severe ischemia that were noted preoperatively, radiograph- 
ic suite arteriography was found to be unnecessarily time- 
consuming. We reemphasize the importance of complete fas- 
ciotomy for compartment hypertension and aggressive 
treatment of soft-tissue injuries. Arterial wounds from low- 
velocity missile injuries or stab wounds were expeditiously 
repaired and had a 100% limb salvage rate. Amputations were 
associated with complex orthopedic and soft-tissue injuries. 

Early identification of vascular injury in blunt trauma re- 
quired a high index of suspicion and careful evaluation for 
signs of distal ischemia. In the review by Snyder,” arterial 
injuries occurred in 30% to 50% of knee dislocations, 2% of 
tibia fractures, and 0.5% of femur fractures. The popliteal 
artery is tethered between the distal femoral shaft and the 
proximal tibia by the tendinous arch of the adductor magnus 
proximally and the soleus muscle distally (Fig 1). This anato- 
my makes it susceptible to stretch injury while not protecting 
the vessels from direct trauma. The perigenicular collaterals 
around the knee are easily avulsed or thrombosed by high- 
energy impact or blunt trauma. 

This study identifies the treacherous potential of fracture 
dislocations of the knee, which had a 26% amputation rate. 0: 
Extreme force, from 650 to 800 psi, is required to dislocate or 
fracture the knee.” Posterior dislocations were more fre- 
quent because of the high incidence of bumper and dashboard 
injuries. They frequently cause a clean, short, intimal frac- 
ture from the sharp edge of the posterior tibial plateau (Fig 2). 
Anterior dislocations are due to hyperextension injuries and 
result in the stretching of a long segment of artery. 

The decision to perform a primary amputation is difficult 
and was made in only one of the patients in this study. The 
indications for primary amputation included the following: (1) 
a posterior tibial nerve transsection with an anesthetic, para- 
lyzed leg; (2) a crush injury with prolonged warm ischemia; 
and (8) other life-threatening injuries that made immediate 
amputation prudent. Rarely is the vascular injury the decid- 
ing factor. Recently, several authors” have attempted to 
predict occurrences of the irretrievable extremity. The accu- 
racy of these objective criteria needs further evaluation. Both 
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Fig 1.—-The popliteal artery is tethered between the tendinous arches 
of the adductor magnus proximally and the soleus muscle distally. The 
<- popliteal vein is posterior and lateral to the artery (right leg). 


the mangled extremity severity score and the mangled ex- 
tremity syndrome index misidentified eight patients each in 
this series. 
Most injuries were approached medially, but a posterior 
approach gave excellent exposure in 20 patients with midpop- 
< liteal artery injuries. The choice of approach was an individual 
one made in each case by the operating surgeon. A venous 
interposition graft from the contralateral extremity is gener- 


Ls. ally the best method of reconstruction. A primary end-to-end 


arterial repair was done in 50 of these patients, with only one 
amputation. In contrast, the amputation rate was 20% for 
cases in which venous grafts were used to repair the artery. 
The reason for this was the extent of the arterial injury and 
associated trauma. The end-to-end repairs had shorter arteri- 


al injuries and less soft-tissue trauma. Five end-to-end re- 


- pairs had to be revised with a vein graft. This caused one 
amputation that may have been avoided. 

Concomitant or prior popliteal venous repair has been 
thought to enhance the success of the arterial reconstruction 
by facilitating runoff and decreasing compartment pres- 
sures." It is thought that even temporary patency is benefi- 
cial in avoiding acute venous hypertension, distal compart- 
ment syndromes, and edema. Late postphlebitic sequelae 
may be prevented. Fourteen patients had popliteal venous 
repairs and 13 had ligation. No clear benefit from venous 
repair was noted in this small number of patients, with four 
amputations in each group. 

Preoperative arteriography should be used selectively for 
patients without severe distal ischemia. Emergency depart- 
ment and operating room angiography is less time-consum- 
ing.” Routine, postreconstructive, intraoperative arteriogra- 
phy is wise. A completion arteriogram will determine the 
technical adequacy of the anastomosis, more distal injuries, 
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Fig 2.— The anatomic relationship of the tibial plateau and the popliteal 
artery. Bumper and dashboard injuries with posterior dislocations or 
tibial plateau fractures can result in intimal injury with thrombosis or 
transection of the popliteal artery. 


and patency of distal runoff vessels. Postoperative surveil- 
lance for anastomotic thrombosis must be meticulously moni- 
tored in an intensive care unit. 

Patients with a delay in vascular reconstruction of greater 
than 4 hours or with combined arterial and venous injuries 
usually require fasciotomy, frequently prior to the arterial 
repair. The importance of fasciotomy was highlighted by two 
patients whose fasciotomies were not done during the initial 
operatien and who subsequently underwent amputation. In 
this study, 70% of knee dislocations required fasciotomies. 
Double-incision, four-compartment fasciotomies with derm- 
otomies are most efficacious." 

The extent of soft-tissue trauma was an important determi- 
nant of limb salvage. Thorough débridement of the devital- 
ized tissue is critical, and a second-look procedure 24 to 48 
hours later has been recommended." In the most successfully 
managed cases of soft-tissue injuries, a plastic reconstructive 
surgeon was involved in the initial operation. Early coverage 
of high-energy wounds optimizes wound healing by decreas- 
ing wound infection and the chance of chronic osteomyelitis. 

External fixations for orthopedic stabilization were used in 
77% of cases. The fractures were often complex and had been 
contammated. External fixation facilitates postoperative ac- 
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cess to the wounds for treatment of soft-tissue injuries and 
monitoring of the distal circulation. Internal fixation can be 
time-consuming and may jeopardize collaterals because of the 
need for further dissection. 

Arterial injuries should be repaired prior to the orthopedic 
stabilization. Placement of orthopedic hardware prolongs 
ischemiatime, frequently interferes with the vascular repair, 
and can obscure visualization of the blood vessels on postre- 
constructive arteriography. However, very unstable frac- 
tures may require fixation prior to vascular repair. An intra- 
luminal shunt has been recommended by Johansen et al” to 
restore perfusion in a small subset of patients. In this present 
study, it was used successfully in five patients. 






Several lessons were learned from the patients with a- 
potentially preventable amputation: (1) When severe isch- 
emia is seen on admission, arteriography, if mandatory, 
should not delay revascularization. (2) Postoperative surveil- 
lance for anastomotic thrombosis must be conscientiously 
monitored with prompt reoperation. (3) Fasciotomies are 
frequently required, especially in patients with combined 
venous and arterial injuries or delayed arterial repair. (4) 
End-to-end arterial reconstructions are for short injuries and 
should be avoided if there is tension on the repair. (5) Aggres- 
sive débridement of devitalized soft tissue and early plastic 
surgical intervention is recommended to address the prob- 
lems of myonecrosis and subsequent sepsis. 
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Discussion 


ALBERT E. YELLIN, MD, Los Angeles, Calif: One hundred years 
ago, John Hunter wrote, “Amputation is a violence, superadded to 
the injury.” In this series of 108 patients with popliteal trauma 
treated in five community trauma centers in San Diego, Calif, witha 
limb salvage rate of 88%, there were 13 amputations, nine of which, 
according to the authors, were possibly preventable. Twelve of these 
13 patients had severe soft-tissue injuries and many presumably 
developed limb sepsis. 

In more than 200 patients with popliteal trauma treated at the Los 
Angeles County/University of Southern California Medical Center 
during the past 20 years, there has been a marked increase in limb 
salvage in the last decade. Variables such as time to the operating 
room, knee dislocation, fracture, trifurcation injury, preoperative 
compartment syndrome, fasciotomy, and vein injury did not corre- 
late with outcome. 

Severe soft-tissue injury was present in 31 patients, 13 of whom 
underwent amputation, whereas only two of 69 patients without soft- 
tissue injuries underwent amputation. Deep infection occurred in 17 
patients, nine of whom underwent amputation. These were ominous 
predictors. In addition, preoperative ischemia predicted poorer re- 
sults; primary repairs did better than vein grafts, but this was more a 
reflection of the lesser magnitude of the injury than the method of 
repair. The use of systemic heparinization clearly was associated with 
greater limb salvage. 

Our amputation rate dropped from 23% to 6% after 1980 (P<.05). 
Two variables stand out as being significant. They are the more 
frequent use of intraoperative heparinization and the reduction in 
subsequent development of deep infection. Whether we are treating 
patients with penetrating or blunt trauma, complex soft-tissue 
wounds and subsequent infection resulted in the majority of limb loss, 
despite.a successful vascular repair with palpable distal pulses pres- 
ent at the time of amputation. 

If we are to achieve better results, they will relate mostly to our 
< ability to prevent and treat soft-tissue infection. This means initial 

“ aggressive débridement of all devitalized tissue, coverage of exposed 
vessels; immediate grafting of fasciotomy sites, and a prompt return 
to the operating room for further débridement at the first sign of 
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postoperative sepsis. Reconstructive surgeons should be involved 
early to help make decisions regarding coverage of complex injuries. 

This presentation analyzes and reports the collaborative efforts of 
many surgeons in multiple trauma centers in an excellent trauma 
system designed to get the right patient to the right hospital in the 
right time, where, we hope, the right operation will be performed. 
However, if the right operation is not performed, the problem will be 
identified through a comprehensive quality assurance review process 
designed to correct the problems identified and prevent repetition. 
This is perhaps the most important lesson to be learned, How many 
limbs that were later lost became infected? Do you attempt to cover 
all open wounds and fasciotomy sites? Do you reoperate early for 
repeated débridement? What will you do differently in the future or 
how will you use the information gleaned from this review? 

ROGER E. ALBERTY, MD, Portland, Ore: Many articles report 
dismal amputation rates in cases of popliteal artery injuries, and it is 
rather hard to regulate the surgical community. In the authors’ 
trauma system, they anticipate that they will be able to establish 
protocols. Most vascular surgeons know how to fix arterial injuries. It 
is the whole package that needs to be addressed. 

STEPHEN N. ETHEREDGE, Oakland, Calif: A group of us in the Bay 
area had six cases of iatrogenic popliteal injury during a 2-year span. 
These injuries are caused by orthopedists in the course of doing either 
open meniscectomies or, now more commonly, closed arthroscopic 
surgery. The danger of this injury is that it is frequently unrecog- 
nized. When the orthopedist says, “I think I have injured the poplite- 
al artery,” I strongly recommend that he or she administer heparin 
prior to letting down the tourniquet. If heparin is not administered, 
the blood that fills the dry tissues will be very hypercoagulable. 

Frequently, injuries of this sort are not recognized until the follow- 
ing morning. In these cases, we have found it helpful to add intraoper- 
ative urokinase infusion to the primary procedures of Fogarty cathe- 
ter thrombectomy and bypass revascularization. The object of 
delayed revascularization is to restore blood flow to the nutrient 
capillary bed as well as to the major vessels. Have the authors used 
urokinase in any of their patients and would it not have helped them 
save the limbs of 10 patients who had operative misadventures? 
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JAMES G. HOLMES, MD, Lafayette, Calif: In 1959, while at the 
Karolinska Institute, Sweden, I learned from Professor Erhup of the 
original three cases of a disease that he called cystic degeneration of 
the popliteal artery, a new entity. The disease involved a degenera- 
tive process in the media of the popliteal artery, with the formation of 


a cyst:that impinges on the lumen of the vessel, causing ischemia in 


the distal extremity and even occlusion, with all the complications 
“thereof. 
: In 1962, I described the first case in the American literature of a 25- 
"year-old truck driver with acute ischemia of the leg. Arteriography 
showed a very smooth compression of the lumen of the popliteal 
artery, and during surgery the obstructing lesion proved to be a cyst 
in the media of the popliteal artery, which was successfully removed 
with no interruption of the intimal layer. More than 20 years later, 
this patient has no difficulty or arterial problems with that extremity. 
This is another type of popliteal artery injury. A national registry 
for this disease was inaugurated by Drs Bergan and Yao at the 
Northwestern University School of Medicine, Chicago, Ill, and it has 


>: accumulated a significant number of cases. The common factor is that 


<>> this entity should be suspected in patients whose profession involves 
> repeated or prolonged acute bending of the knee. 
~~. ROBERT J. STALLONE, MD, Oakland: About 15 years ago, I saw a 
<: 48-year-old man who was in a vehicular accident. He had a fractured 
right scapula and no other chest or abdominal injuries. He also had a 
"large ecchymotic area around his right knee and a cold, pulseless, 
< right leg. An arteriogram confirmed a thrombosis of the proximal 
popliteal artery, with no flow distally, At exploration we found 
© eechymosis. coming down from the thigh, but the popliteal fossa 
looked entirely normal and the pulse was absent distally. An embolec- 
“tomy restored flow to the foot and removed an organized thrombus. 
`- The next morning an arteriogram demonstrated a transection of the 
© thoracic aorta. The patient had an embolism from an intimal flap. In 
“eases of blunt trauma, especially in elderly people, aneurysms or 
sclerotic vessels can rupture and embolize. 
LUCIAN BUSCAGLIA, Stockton, Calif: What adjuncts to venous 
repair were most useful, and in the absence of other life-threatening 
‘injuries, how far would you take your efforts at venous repair? In 
- children, would you consider the use of primary repair by extensively 
mobilizing the popliteal artery? 
WILEY F. BARKER, MD, Los Angeles: It is most distressing to 
have accomplished a perfect technical reconstruction only to find that 
there is inadequate distal perfusion, the situation known as the 


a syndrome of reperfusion injury. Dr Quinones-Baldrich’s work has 


shown the value of thrombolysins to ensure complete small-vessel 

> patency and perfusion. 

izo . "Twenty-five years ago I used some of the primitive thrombolytic 
-products in a few acute arterial obstructions after relieving the major 

problem, with moderately good results. I realize that this may not be 


applicable in the presence of some of the terrible penetrating soft- 


_ | tissue injuries that have been shown, but in many blunt injuries or 
+ other acute circumstances the failure to accomplish perfect reperfu- 
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sion may be as much the problem initially as the reperfusion problema 
little later. 

DR PECK: The purpose of this study was to develop a protocol for 
the Sar Diego County Trauma System. Each month the trauma 
directors of the six member hospitals review all deaths and complica- 
tions. At the Medical Audit Committee meeting, deaths are judged to 
be nonpreventable, potentially salvageable, or, frankly, preventable. 
Complications are classified as due to delays in diagnosis; patient 
disease; or errors in diagnosis, judgment, or technique. This study 
takes the quality assurance process one step further. 

Dr Yellin, we recommend early and systemic heparinization to 
prevent distal thrombosis if the other injuries do not preclude its use. 
Ninety-six percent of our patients underwent anticoagulation, most 
systemieally. Nineteen patients received regional heparin. Preoper- 
ative arteriography can be unnecessarily time-consuming. The im- 
portance of soft-tissue management with a multidisciplinary. ap- 
proach was highlighted by this study. The plastic surgeon should 
often be involved at the initial operation, with second and subsequent 
débridement required at 24- to 48-hour intervals thereafter. Early 
soft-tissue coverage, often at the initial operation, will reduce soft- 
tissue septic complications. Two patients had patent arterial repairs, 
but underwent potentially preventable amputations, the result of 
myonecrosis and sepsis. We prefer four-compartment fasciotomy 
done through two longitudinal dermotomies, anterolateral and pos- 
teromedial, to the tibia, with early or immediate split-thickness skin- 
graft coverage. 

Dr Buscaglia, venous repairs must frequently be more precise than 
arterial repairs because of the slower flow and lack of vessel-wall 
compliance. Contralateral saphenous-vein interposition grafts are 
often required. Lateral repairs with any resultant stenosis are 
doomed to result in thrombosis. After surgery, many authors recom- 
mend low-molecular-weight dextran, used in five of our patients, 
and/or heparin to maintain the patency of the venous repair. In this 
series, ne spiral or prosthetic grafts were used. It is our impression 
that venous repairs are less important in patients who undergo 
prompt reconstruction. The Viet Nam experience reported by Rich et 
al’ was associated with prolonged ischemic times. This report did not 
include any children, but we agree that end-to-end repair would be 
preferrec. Autogenous tissue is essential to prevent stenosis as the 
child grows. 

Dr Etheredge, we agree that the prompt use of heparin is impor- 
tant with iatrogenic popliteal arterial injuries that occur at the time of 
arthroscopy. Caution is needed with thrombolysins administered in 
the patient with multiple trauma. Dr Stallone, we have seen bullet 
embolisms to the popliteal artery from thoracic gunshot wounds. Dr 
Holmes, popliteal occlusion in young adults does have a fascinating 
differential diagnosis. Dr Barker, we have aggressively treated re- 
perfusion syndrome with mannitol, bicarbonate, and elevation. Ve- 
nous repair should improve outflow. Six of our patients received 
regional mannitol, as recommended by Shah et al.” Expeditious 
arterial repair is the best prophylaxis. 
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Utility of Computed Tomography for 
Surveillance of Small Abdominal 


Aortic Aneurysms 


Preliminary Report 


William C. Krupski, MD; Arie Bass, MD; Dennis W. Thurston, MD; Ralph B. Dilley, MD; Eugene F. Bernstein, MD, PhD 


© To assess the ability of computed tomography to predict the 
potential for expansion of small abdominal aortic aneurysms, we 
analyzed the computed tomographic scans of 30 patients who 
had two or more abdominal computed tomographic scans at 
least 6 months apart between 1979 and 1989. Clinical variables 
-and 10 defined objective characteristics of computed tomogra- 
phy were evaluated. Twenty-five men and five women with ab- 

“. dominal aortic aneurysms ranging from 30 to 64 mm (mean, 
45 mm) were followed up with serial computed tomographic 
scans for a mean (= SE) of 26 + 3 months. In 19 patients, enlarge- 
ment of aneurysm diameter of 3 mm or more on serial computed 
tomographic scans was noted, whereas In 11, there was littie or 
no expansion. Of the clinical variables studied, only serum cho- 
lesterol correlated with an increased risk of expansion. Throm- 
bus area, measured by computed tomography, was 7.3 + 0.9 cm’ 
in enlarging aneurysms vs 4.3+0.9 cm’ in stable aneurysms. 
Based on these preliminary data, we conclude that computed 
tomography may provide valuable information about the likell- 
hood of future expansion of small abdominal aortic aneurysms. 

(Arch Surg. 1990;125:1345-1350) 


-<o Abdominal aortie aneurysms are vascular lesions fre- 
-ck A quently encountered in clinical practice. Selectivity in 
‘recommending operative repair of aortic aneurysms has been 

- based on studies correlating the risk of rupture with aneu- 
rysm diameter.’ Although the generally accepted average 
rate of enlargemert for abdominal aortic aneurysms is 
0.5 em/y,”” published mean expansion rates and individual 
aneurysm expansion rates vary widely. Littooy et al’ report- 
ed a mean expansion rate of 0.79 em/y in 149 abdominal aortic 
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aneurysms followed by sequential B-mode ultrasonography, 

whereas Nevitt et al’ described a rate of only 0.21 em/y in 103 
abdominal aortic aneurysms. Several investigators have ex- 
amined the influence of various clinical variables on enlarge- 
ment rates of abdominal aortic aneurysms. Diastolic blood: 
pressure, initial aneurysm anteroposterior diameter, and ob- 
structive pulmonary disease were independently predictive. 
of aneurysm rupture in 67 patients with small aneurysms 
followed up for an average of 3 years.” In addition, the 
presence of coexistent distal occlusive atherosclerosis and an 
increased ratio of the aneurysm diameter to the aortic diame- 


ter have been correlated with increasing mean expansion . 


rates.” a 
Most previous studies of abdominal aortic aneurysm expan- 
sion rates have been based on B-mode ultrasound measure-. __ 
ments of size. While this method accurately measures abdom- 
inal aortic aneurysms,*” computed tomography (CT) not only 
provides precise size, position, configuration, and anatomic 


relationship information, but also characterizes aortic wall _ , 


composition and internal architecture. Computed tomo- 


graphic scans have been useful for diagnosing abdominal — | 
aortic aneurysms," planning therapy,""" and following up 


patients postoperatively.” . 
Based on this capability to anatomically define the internal __ 
structure of abdominal aortic aneurysms ina detailed fashion, 


the present study was designed to examine the influence of _ 


several CT characteristics on abdominal aortic aneurysm ex- 


pansion rates and subsequent outcome in a group of patients 

with small abdominal aortic aneurysms initially selected for 
nonoperative management. By this analysis we hoped to- - 
determine which CT scan characteristics would predict these’ 


rates and thus influence clinical management. 
PATIENTS AND METHODS 


The abdominal CT scans of 30 patients with abdominal aortic 
aneurysms who had two or more scans at least 6 months apart: — 
between January 1, 1979, and June 1, 1989, were analyzed. An 
abdominal aortic aneurysm was defined as enlargement of the infra- 
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- Fig 1.—Computed tomographic scan depicts an abdominal aortic 
aneurysm with minimal luminal thrombus. Computed tomography 
variables are as follows: aneurysm diameter, 34 mm; lumen area, 
572 mm’; thrombus-lumen ratio, 0.59; lumen diameter, 27 mm: throm- 
bus area, 335 mm’: thrombus arc, 0° to 360°; aneurysm area, 
907 mm’; lumen, central; calcification, 2 + (mosaic). 


renal aortic diameter to more than 1.5 times the proximal abdominal 
aortic diameter. Patients with suprarenal aneurysms, those who did 
not have contrast-enhanced CT scans, or those who underwent opera- 
tive repair prior to serial scanning were excluded from the study. The 
initial decision to manage patients nonoperatively was based on 
absence of symptoms, small aneurysm size, or high operative risk. 
Subsequent decisions to pursue operative therapy were made 
individually. 

Clinical data were extracted from patient records. Variables ana- 
lyzed included gender, age, symptoms, presence and severity of 
hypertension, heart disease, peripheral vascular occlusive disease, 
. diabetes mellitus, chronic pulmonary disease, smoking history, medi- 
¿> cations (with specific reference to B-blockade), and serum lipid levels. 


CT Scans 


Computed tomographic scans were performed using a whole body 
seanner (CT 9800, General Electric, Milwaukee, Wis) with seanning 
times of 2 seconds and slice thickness of 1 em. Since the CT scans were 
not obtained prospectively, there was some variation in the contrast 
enhancement techniques employed. Images were obtained from the 
pelvis to the diaphragm. All scans were evaluated without knowledge 
of clinical features or patient outcome. 

Measurements of aneurysm size and architectural information 
about the aneurysm were obtained at the level of greatest aneurysm 
- diameter. Ten CT scan variables were analyzed, defined as follows: 

1. Maximum diameter of the aneurysm was obtained by measuring 
_ the longest straight line drawn between opposing points on the 
<< aneurysm wall. 

2. Lumen diameter was obtained by measuring the longest 
straight line between opposing points of the contrast within the 
aneurysm. 

3. Aneurysm area was calculated by assuming that the aneurysm 
., Was a geometric circle and multiplying the square of the aneurysm 

diameter divided by 2 by n (Area = ar’), 
4. Lumen area was caleulated as above, using lumen diameter 
: divided by 2. 
5. Thrombus area was derived by subtracting lumen area from 
: aneurysm area (Figs 1 and 2). 
=O 6. The ratio of thrombus to lumen (T:L) was computed from re- 
spective area determinations, 

7, The ratio of thrombus to aneurysm (T:A) was computed from 
respective area determinations. 

8. Lumen location was identified as the predominant position of 
the contrast within the aneurysm (ventral, dorsal, lateral [left or 
right], or central), 

9. Calcification was assigned a value from 1+ to 4+ according to 
its extent, as described by Pillari et al." Minimal calcification was 
designated 1+ (Fig 3, top), whereas calcium surrounding the aneu- 


1346 = Arch Surg—Vol 125, October 1990 











Fig 2.—Computed tomographic scan shows an abdominal aortic an- 
eurysm with a large thrombus area. Variables are as follows: aneu- 
rysm diameter, 50 mm; lumen area, 615 mm”; thrombus-lumen ratio, 
2.1; thrombus to aneurysm ratio, 0.68; lumen diameter, 28 mm; throm- 
bus A, 1347 mmf; thrombus arc, 0° to 360°: aneurysm A, 1962 mm?: 
lumen, lef; calcification, 4 + (continuous). 


rysm was graded 4+ (Fig 3, bottom). Intermediate degrees of calcifi- 
cation were graded appropriately (eg, calcification around one half of 
the aneurysm, 2+). In addition, calcification was classified as contin- 
uous or intermittent (mosaic). 

10. Arc of thrombus” was expressed in degrees (0° to 360°). This 
represented the configuration of the blood clot and debris adherent to 
the aortic wall. For example, if the lumen was central in the aneu- 
rysm, arc of thrombus was 360°, and in an aneurysm with a large 
eccentric kamen, arc of thrombus became progressively smaller. 

The overall aneurysm expansion for each patient was calculated as 
the difference between the first and last maximum aneurysm diame- 
ter on CT scan. The expansion rate was determined by dividing this 
figure by te elapsed time interval between the first and last CT sean. 


Patient Population 


Thirty patients (25 men and 5 women) from 34 to 95 years of age 
(mean + SE, 74 +2 years) with abdominal aortic aneurysms ranging 
from 3.0 te 6.4 cm (mean, 4.5+ 1.3 em) were initially managed non- 
operatively. Two (7%) patients had symptoms of low back pain that 
were unre.ated to the aneurysm but led to its detection. All other 
abdominal aortic aneurysms were discovered on routine physical 
examinaticns (7 patients) or found incidentally while patients were 
being evaluated for unrelated problems (21 patients). Hypertension 
was being zreated in 18 (60%) patients, In spite of antihypertensive 
treatment, systolic blood pressure greater than 140 mm Hg was 
present in 18 (43%) patients and diastolic blood pressure greater than 
90 mm Hg was present in 10 (33%) at the initial time of abdominal 
aortic aneurysm diagnosis. Overall mean blood pressure was 
148 +87/7=3 mm Hg. Coronary artery disease occurred in 17 pa- 
tients (57%); nine patients (30%) had previous myocardial infarctions, 
and eight patients (27%) had symptoms of anginal pectoris. Peripher- 
al vascular-occlusive disease was manifested by claudication in nine 
patients (29%) and by previous amputation in one patient (3%), 
Diabetes mellitus was present in five patients (17%), only one of 
whom required insulin. Chronic obstructive pulmonary disease oc- 
curred in 14 patients (47%). Fifteen patients (50%) were taking oral B- 
blocking medication to treat hypertension or coronary artery disease. 
A history ef cigarette smoking was given by the vast majority of 
patients (27 [90%] patients), but 16 (53%) quit on or about the time of 
discovery cf their aneurysm. Of current or previous smokers, the 
mean smok-ng history was 51+ 6 pack-years. Serum cholesterol lev- 
els averaged 6.80 +0.64 mmol/L and serum triglycerides averaged 
2.82 + 1 mmol/L. 


Statistical Analysis 


Data wer coded and computerized for statistical analysis using the 
CLINFO Flus computer program provided by the Division of Re- 
search Reseurces, Heart, Lung, and Blood Institute, National Insti- 
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Fig 3.—-Cemputed tomographic scans demonstrate viability in calcifi- 
cation. Tog, Calcification occupies less than 25% of the circumference 
of the aneurysm and is graded 1+. Bottom, Calcification extends 
around the entire aneurysm and is denoted as 4+ . In both instances 
calcium deposited is. interrupted, so calcification is designated as 
mosaic. 


tutes of Flealth, Bethesda, Md. Comparisons between groups were 

made using Student’s t test (two-tailed) for paired and unpaired data 

and the x’ test to determine statistical independence between groups. 
Variance about the mean is reported as +1 SE. 


RESULTS 


Nineteen (63%) patients had enlargement of aneurysm di- 
ameter of 3 mm or more on serial CT scans, whereas 11 (87%) 
had little or no expansion. The majority of patients had scans 
repeated at 6 to 12 months, and the overall mean number of 
scans per patient was 3.1 + 0.4. Of the 19 patients with at least 
3-mm erlargements, follow-up averaged 28.9+4.1 months 
and the mean number of scans obtained was 3.1+0.3 per 
patient. Those with little or no expansion were followed up for 
an average of 21.2+4.8 months (P=.24 compared with ex- 
panding abdominal aortic aneurysms) and the average num- 
ber of scans obtained was 3.1+0.5 per patient. The average 

“rate of expansion for the enlarging aneurysms was 4.0 mmy. 
Stable aortic aneurysms enlarged only 0.02 mm/y (P=.001 
: compared with expanding aneurysms). 
Table 1 compares the clinical features of patients with 
stable vs expanding aneurysms. Age and sex distributions 
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Table 1.—Clinical Features* 




































Expanding 
Stable AAAs AAAS 
Variabie (n=11) (n= 19) 





Follow-up duration, 


mo (range)T 21.2+4.8 (6-62) 28.9241 (6-60) NS 







































































No. of scans (range)f 3.1+0.3 (2-6) 3.1+0.5 (2-5) NS 
Expansion rate, mm/y 0.02 4.0 P <.002 
Age, yt 7323 7522 NS 
Men, No. (%) 9 (82) 16 (84) NS 
Women, No. (%) 2 (18) 3 (16) NS 
Hypertension 

treatment, No. (%) 6 (55) 12 (63) NS 
Systolic biood 

pressure, >140 

mm Hg, No. (%) 5 (45) 8 (42) NS 
Diastolic blood 

pressure, >90 mm 

Hg, No. (%) 4 (36) 6 (31) NS 
Mean blood pressure, 

mm Hgt 155+12/3+5 145+9/83+3 NS 
Coronary artery 

disease, No. (%) 5 (45) 12 (63) NS 
Previous myocardial 

infarction, No. (%) 1 (9) 8 (42) <05 
Angina pectoris, 

No. (%) 4 (36) 4 (21) NS 
Peripheral vascular 

occlusion, No. (%) 4 (36) § (31) NS 
Diabetes mellitus, 

No. (%} 2 (18) 3 (15) 
Chronic lung disease, 

No. (%)} 5 (45) 9 (30) 
B-Blocker treatment, 

No. (%) 5 (45) 10 (52) NS 
Cigarette smoking 

history, No. (%) 10 (90) 17 (89) NS 
Average pack-years 

per smokert §22+13 46+6 NS 
Serum cholesterol, 

mmol/L 6.16+ 38 7.90 + 56 <04 
Serum triglycerides, 

mmol/Lt 3.31 +1.14 2.50 + .45 NS 





* AAA indicates abdominal aortic aneurysm; and NS, not significant (P>.05). 
+Values are means + SD. 


were equivalent in both groups. Likewise, risk factors for 
atherosclerosis were equally prevalent. There was a trend 
toward more coronary artery disease in the patients with 
expanding abdominal aortic aneurysms, including significant- 
ly more previous myocardial infarctions. Chronic obstructive 
pulmonary disease or coexistent peripheral vascular occlu- 
sive disease did not correlate with aneurysm expansion. In 
the enlarging group, serum cholesterol level averaged 
7.90+0.56 mmol/L and in the stable group it averaged 
6.16 + 0.38 mmol/L (P = .08). 

There was no difference in size at presentation between 
enlarging and stable abdominal aortic aneurysms. The mean 
expansion in 3.0- to 4.0-cm aneurysms was 4.7 + 0.2 mm com- 
pared with 5.6 +0.3 mm in 4.0- to 6.0-cm aneurysms (P= .6). 
Table 2 summarizes the analysis of the CT variables studied. 
Size at presentation in stable and expanding abdominal aortic 
aneurysms averaged 4.0+0.2 em and 4.4+0.2 cm, respec- 
tively. Likewise, aneurysm area was slightly higher in ex- 
panding than in stable aneurysms, although statistical signifi- 
cance was not achieved. Lumen areas and locations of the 
lumen were remarkably similar between groups, with ap- 
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Table 2.—Cormputed Tomographic Scan Variables* 











































































































































Stable Expanding 
AAAs AAAs 
Variables (n=11) (n=19) P 
Diameter of aneurysm, 
em 4.0+0.2 4.4+0.20 NS 
Diameter of lumen, cm 3.4£0.3 3.3205 NS 
Aneurysm area, cm? 13.341.2 16.4+1.6 NS 
Lumen area, cm? 9.0+1.2 9141.1 NS 
Thrombus area, cm? 4.3+0.9 7.3+0.9 .04 
Thrombus-lumen ratio 0.58=+0.1 1.56+0.7 NS 
Thrombus-aneurysm 
ratio 0.32+0.1 0.430 NS 
Lumen location, No. (%) 
Ventral 3 (28) 7 (36) NS 
Dorsal 4 (36) 6 (32) 
Lateral 2 (18) 3 (16) 
Central 2 (18) 3 (16) NS 
Calcification, No. (%) 
0+ 1 (9) 0 NS 
1+ 6 (54) 8 (43) NS 
2+ 1 (9) 4 (21) NS 
3+ 1 (9) 3 (15) NS 
4+ 2 (19) 4 (21) NS 
Continuous 1 (9) 2 (10) NS 
Mosaic 10 (91) 17 (90) 
Arc of thrombus, 
degrees 173.8 + 28.5 220.9 + 26.3 NS 








*AAA indicates abdominal aortic aneurysm. All values, except those for 
». lumen location and calcification, are means + SD. NS indicates not significant. 


_. proximately two thirds of the lumens in the dorsal or ventral 
"position. Most aneurysms had relatively little calcification 
and the pattern of calcification was mosaic in 90% of cases. 
< Thrombus area measured 7.3+0.9 em’ in enlarging aortic 
aneurysms vs 4.3+0.9 cm’ in stable abdominal aortic aneu- 
rysms (P= .04). Ratios of T:L averaged 1.56 +0.7 in enlarg- 
: ing abdominal aortic aneurysms compared with 0.58~0.1 in 
_ stable abdominal aortic aneurysms (P =.21), and T:A ratios 
averaged 0.43 + 0.0 and 0.82 +0.1, respectively (P=.17). Arc 
cof thrombus was somewhat greater in expanding aortic aneu- 
-rysms (220.9°+26.3°) compared with stable aneurysms 
(178° + 26.3°; P= .28). 
~~ Three patients (28%) died during follow-up in the group 
with stable abdominal aortic aneurysms. Causes of death 
were lung cancer, complications of hepatic cirrhosis, and 
“respiratory arrest. One patient (5%) died during follow-up in 
_ the group with expanding abdominal aortic aneurysms. 
Cause of death was ruptured abdominal aortic aneurysm— 
the only ruptured aneurysm in this series (8%). The patient 
wasa debilitated 82-year-old man with severe cardiac disease 
‘Whose aneurysm enlarged from 5.1 to 6.0 em over 2 years. 
_.-Thrombus area in this abdominal aortic aneurysms was 
_ 7.8 em’. Two patients (18%) in the stable group underwent 
operative repair of 5-em abdominal aortic aneurysms when 
their medical conditions had improved. Six patients (81%) 
eventually underwent abdominal aortic aneurysm resection 
for enlarging 5- to 6-em abdominal aortic aneurysms. Thus, 
aneurysm repair was performed in 26% of all patients. There 
were no operative deaths. 


COMMENT 
This study reaffirms the efficacy of serial CT scans to 
`- evaluate abdominal aortic aneurysms. Size and internal archi- 
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tecture of aneurysms were accurately determined, and an 
increased amount of intraluminal thrombus correlated signifi- 
cantly with aneurysm expansion. Other CT variables were 
less predictive of aneurysm enlargement. Overall expansion 
rate in the 19 patients with enlarging abdominal aortic aneu- 
rysms of 0.4 em/y is comparable with most previous stud- 
ies.™™®= Moreover, our results confirm the safety of selective 
nonoperative management of small abdominal aortic aneu- 
rysms in high-risk patients. Most patients were managed 
nonoperatively throughout the study, but 8 (27%) underwent 
successful aneurysm repair when size considerations or im- 
provement in medical conditions dictated intervention. Since 
only one severely ill elderly patient died of ruptured aneu- 
rysm (3% incidence of rupture), the study suggests that selec- 
tive application of elective aneurysm repair reduced the ex- 
pected rupture rate. 

The advisability of managing small abdominal aortic aneu- 
rysms nonoperatively depends on the exceptional accuracy of 
CT as a diagnostic modality. Although ultrasound is faster, 
simpler, and less expensive, it requires more skill in perfor- 
mance and interpretation than CT. Supplementary data 
about aneurysms, including proximal and distal extent, char- 
acteristics of thrombus, relationship to the renal vessels, and 
adjacent major veins are routinely provided by CT but not by 
ultrasound.*” In addition, a number of investigations have 
reported a discrepancy between ultrasonic estimates of ab- 
dominal aortic aneurysm size and direct operative measure- 
ments.” 

In contrast to ultrasound, CT scans are not hindered by 
observer variability, inferior images in obese or distended 
patients, bowel gas, or occasional inability to define aortic 
wall thrombus. Computed tomography is performed accord- 
ing to standard protocols by the instrument rather than by 
individuals, and results are generally easier to interpret. In 
addition to the CT variables we defined, CT scans can provide 
helpful mformation regarding symptomatic,” ruptured,” in- 
flammatory,” and infected aneurysms.” Potential disadvan- 
tages tc CT investigation of abdominal aortic aneurysms 
include radiation exposure, cost (approximately, $726 [US] 
per scanin our institution with a reduced price of $583 [US] for 
subsequent scans to define changes in aneurysm size), and the 
requirement for intravenous contrast. 

The cerrelation of thrombus area with predilection for ex- 
pansion of abdominal aortic aneurysms was an unexpected 
finding in the present study. We had thought that aneurysms 
with less thrombus might be subject to more tangential force, 
as defined by La Place’s law, than aneurysms whose wall 
might be protected by a ring of thrombus. Likewise, we had 
hoped tc correlate the measured thickness of the wall on CT 
scan with expansion rate, but found that the resolution of the 
CT image did not allow this determination. Finally, our origi- 
nal clinical impression that eccentric lumens were more prone 
to expansion or rupture was not corroborated by the data. 

In cortrast to other investigators,°" we were unable to 
impute several clinical risk factors previously reported to 
predict aneurysm enlargement or rupture. In addition to lack 
of correlation with chronic obstructive pulmonary disease, 
there was no association of abdominal aortic aneurysm expan- 
sion with aneurysm size at initial presentation, coexistent 
peripheral vascular occlusive disease, or hypertension. Part 
of the explanation for the discrepancy between our findings 
and those of others may be due to differences in the patient 
populatiens and relative prevalence of risk factors. For exam- 
ple, whereas persistent diastolic hypertension was present in 
only one third of our patients, it occurred in half of the patients 
reported by Cronenwett et al” and Sterpetti et al." Moreover, 
since identification of clinical features requires more individ- 
ual interpretation, we prefer to establish criteria that are 
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more operatively defined, such as the CT variables 
investigated. 

Of those clinical features studied (Table 2), only previous 
myocardial infarction. and serum cholesterol levels correlated 
with abdominal aortic aneurysm enlargement. While the first 
of these may be a statistical aberration (since the incidence of 

all manifestations of coronary artery disease was equivalent 

“in both groups), the elevated serum cholesterol levels in 
patients with expanding aneurysms may be relevant. It is 
well accepted that increased serum cholesterol accelerates 
peripheral vascular occlusive disease, but there is no consen- 
sus regarding its effect on aneurysm formation or enlarge- 
ment. Only much larger prospective studies can determine 
the importance of our finding. 

Leach et al” postulated that B-blockade with propranolol 
directly increases aortic tensile strength by stimulating lysyl 
oxidase activity and promoting collagen and elastin cross- 
linking. In a retrospective study of 27 patients with small 
abdominal aortic aneurysms, they demonstrated a mean ex- 
pansion rate of 0.44 em/y in those not taking 6-blockers com- 
pared with 0.17 em/y in those receiving B-blockade medica- 
tion (P = .09). Although we were unable to substantiate this 
finding, it is notable that a very high percentage of patients 
with both expanding and stable aneurysms took B-blockers 
(62% and 45%, respectively), and only one abdominal aortic 








aneurysm ruptured. In addition to its effects on collagen, $- 
blockade reduces pulse pressure and may be of benefit for 
patients with small abdominal aortic aneurysms who are be- 
lieved to be poor candidates for elective resection. 

Since increasing numbers of individuals with small aneu- 
rysms are being discovered, an algorithm based on the pres- 
ence or absence of clinical features or objective CT variables 
would expedite and facilitate treatment of such patients on 
initial presentation. Because of the retrospective nature and 
limited numbers of patients in our study, we regard it as 
exploratory and preliminary. Since only one patient suffered 
a ruptured abdominal aortic aneurysm, we were unable to 
correlate increased thrombus area or aneurysm expansion 
rate with potential for rupture (although it was interesting 
that the ruptured aneurysm contained a large amount of 
thrombus). Thus, we are reluctant to manipulate our data to 
provide strict rules of management for small abdominal aortic 
aneurysms. Nevertheless, if large, prospective series eorrob- 
orate our findings, the treatment of patients with asymptom- 
atic small aneurysms may be individually tailored more pre- 
cisely. In the meantime, the wide variability in abdominal 
aortic aneurysm expansion rates warrants frequent follow-up 
in patients selected for nonoperative management. 


This study was supported in part by the Vascular Disease Foundation, La 
Jolla, Calif. 
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Discussion 


RONALD W. BUSUTTIL, MD, Los Angeles, Calif: Abdominal aortic 
aneurysms are lethal lesions—90% of patients die within 5 years of 
diagnosis, most due to rupture. 

Surgical treatment with graft replacement has undoubtedly al- 
tered the natural history of this disease. A randomized trial is not 
needed. Improvements ir. operative, anesthetic, and perioperative 


: > eare have reduced early mortality for elective resection from 20% to 
~~ 29. Sixty-three percent of those patients operated on at a median age 


of 66 years, survive 5 years. Survival from operation after ruptured 
aneurysm ranges betweer: 40% and 70%. 
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Despite this overwhelming body of knowledge favoring operative 
repair, there recently has been an interest in identifying those pa- 
tients with aneurysms who have selective indications for operation 
depending on their risk for rupture. In this era of cost containment 
and close serutiny of indications for operations, this may be appropri- 
ate. However, identification of specific variables that define this high- 
risk group has been elusive and infrequently validated. These inelude 
(to name a few) presence of hypertension, chronic obstructive pulmo- 
nary disease, presence of distal occlusive disease, eccentricity of the 
aneurysm wall, lack of calcium and, lately, rate of expansion per year. 
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The rate of expansion has attracted the most recent attention and has 
been of keen interest to Krupski et al for a number of years. General- 
ly, a growth rate greater than 0.5 em/y is considered accelerated and 
-indicative of an unstable aneurysm. 

Computed tomographic scanning is the best method, to date, to 
diagnose and define the anatomic characteristics of abdominal aortic 
aneurysm, However, Krupski et al have not provided any convincing 
~ data that the thrombus area is specific for aneurysm growth or that it 
should influence our management of patients with small aneurysms. 

The basis of my skepticism is as follows. First, this is a small 
prospective study of a highly selected group of patients that were 
considered for or excluded from surgery for a variety of reasons. 
Thus, their data may only be applicable to a small subpopulation of 
patients with aneurysms. Second, one would expect a difference in 
rupture rate between the expanding group of aneurysms and the 
stable group; however, none was found. In fact, the rupture rate was 
only 3% in the entire series, This, however, can be explained by the 
` authors’ correct decision to offer operation to patients with aneu- 
rysms (irrespective of stability or expansion) when the aneurysm 


> reached 5 cm, Third, although the CT scanner used was the same 


model, the study spanned 10 years, during which techniques have 
certainly changed. 

In summary, this article supports the use of CT scanning in diag- 
nosing and monitoring aneurysm growth. However, it stops there. 


= Until more convincing evidence is presented, I would recommend 


that all patients with aortic dilatation measuring 1.5 to 2 times the 
width of the aorta at the renal arteries be referred for operation 
unless there are serious medical contraindications, 

Initial aneurysm size did not correlate with expansion according to 
LaPlace’s law. Do you have an explanation for that? At what interval 


5 1 was the area of thrombus measured and did a change in its size 


correlate with change in size of the aneurysm? How would your 
findings affect the management of a 60-year-old good-risk patient 
with a 4.5-em abdominal aortic aneurysm who had a small area of 


o _ thrombus measured on CT scan? Would you operate or observe? 


Max R. GASPAR, MD, Long Beach, Calif: In 1958, Bourne and I” 
reported all aneurysms that had been seen at the Harbor-UCLA 
Medical Center. Most of those that had ruptured were over 7 em in 
.. diameter, although three were found at autopsy that were under 
5em. Since then, I have had difficulty in subscribing to the premise of 
operating on small aneurysms like the ones Dr Busuttil just men- 
tioned; that is, those 1.5 to 2 times the size of the aorta just above the 
“renal arteries. We have to consider whether we really want to remove 

avery small aneurysm in a frail, elderly patient. 
< Why does the size and the location of the thrombus have something 
todo with expansion? Does the thrombus interfere with the nutrition 


-ofthe wall of the artery? Why does a high cholesterol level influence 


__. the expansion of the aneurysm? What do you recommend for follow- 
wp? Are you doing away with ultrasound entirely, or do you get a basic 
CT sean and then follow it up with ultrasound, or do you recommend 
CT scans routinely, possibly at 3-month or 6-month intervals? Do you 
__. think all patients with aneurysms, expanding or not, should be receiv- 
ing B-blockers? 
E Dr Krupski, if you had a 4-em aneurysm, would you want it oper- 
-< ated on, and if Dr Dilley had a 4.5-em aneurysm, would you tell him it 
> ought be resected? If Dr Bernstein had a 5-em aneurysm, what would 

“you tell him? 
: NEIL OLCOTT, MD, Palo Alto, Calif: You have determined the 
_ thrombus area by subtracting luminal area from aneurysm area. 
__ There is no statistical difference in aneurysm size between the two 
groups. Yet, when you subtract one from the other, you end up witha 
“statistically significant difference. I am confused by the calculations. 

Did you look at embolization? Perhaps an increasing thrombus area 
-< would be more important in detecting those people who are more 
“likely to develop embolization. 

Kas H. JOHANSEN, Seattle, Wash: Thrombus forms in the context 

of flow turbulence, which is greater in larger and longer aneurysms. 
“Did your CT scan data show that aneurysms with more thrombus 
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were larger or longer, ie, did the total volume of aneurysms correlate 
with thrombus? 

I propose that these data actually really speak to the lack of an 
advantage of CT scan for aortic aneurysm surveillance. The only data 
that you have presented that would achieve statistical significance as 
predicting expansion of aneurysms are the presence of previous 
myocarcial infarction or elevated serum cholesterol levels. Neither of 
them caa be determined by a CT sean. 

I propose that, while CT scan may be valuable for studying the 
natural aistory of aneurysms in the clinical setting, B-mode ultra- 
sound (which is noninvasive, much more rapid, one fifth as expensive, 
and just as accurate in following up the size change in these aneu- 
rysms) should be used. 

DR BERNSTEIN: Around 1970, ultrasound showed us the size of an 
aneurysm accurately in vivo. All the data prior to 1970 relating 
aneurysm rupture and size were from autopsies. 

Ultrasound taught us about aneurysm expansion rates. We began 
to learn the mean expansion rate and the variation among individuals. 
With ultrasound we found an extraordinarily large number of people 
with small aneurysms. Eighty percent of the aneurysms diagnosed 
are now smaller than 6 em. Computed tomography came a decade 
later anc is better, although it is more expensive, because it telis us 
about para-aneurysmal disease such as kidney tumors, pancreatic 
lesions, ete; CT data about aneurysm size are objective and anybody 
can interpret them with equal accuracy. Because of the cost factor, if 
your ultrasound is reliable, it is a good method for following up 
patients with aneurysms. On the other hand, CT is more precise and 
objective. 

One has to consider this a pilot study. What does the relative 
amount cf thrombus mean for expansion rates of aneurysms? We are 
not sure. 

When ou look at several hundred aneurysm interiors in the oper- 
ating room, they differ markedly. Some are gel-like; some are lique- 
fied and necrotic. Some have more structure and some less. I wonder 
if this sc-called thrombus has something to do with collagen and 
elastin digestion. Maybe the so-called mural thrombus is an end 
product that is a measure of how rapidly these enzymes are working 
on the wail. The “thrombus” may be secondary toa primary change in 
the geometry of the wall, and that is a flow factor phenomenon, not a 
chemical əne. 

There was a trend to more rapid rates of expansion in patients with 
large anearysms but not a big trend, and the mean expansion rates of 
aneurysms that are 5 or 6 cm were not terribly different from those of 
4cm. 

Regarding your question about the 60-year-old healthy man with a 
4.5-em aneurysm and small thrombus, that is about my borderline, I 
have become progressively more aggressive with time, because we 
now have an elective mortality rate of 1% and a 5-year survival rate of 
approximately 80%, which approaches the normal population of the 
same age and sex. I would talk with that patient at greater length 
than with the average patient. I would give him all the pros and cons 
of morbid:ty and mortality and I would tell him that we can get his 
aneurysm repaired quickly and easily with very low risk, but on the 
other hand, I cannot tell him that he really is at high risk of death from 
rupture. I would assume that if he did not want it operated on now, he 
would corae back in 6 months or a year when it was 5 em, when it 
would be much easier for me to convince him to have it operated on. 

We preter to use CT scanning for both the original diagnosis and 
follow-up despite the cost, although in other institutions ultrasound 
might be preferable. If we elected not to operate primarily because of 
a patient'spoor risk, we would see that patient every 3 months. 

We do not use B-blockers. David Tilson has stimulated a prospec- 
tive, mulficenter, randomized study on the use of B-blockers in 
aneurysm expansion and such data will be available in the near 
future. 

Dr Johaasen, we have no data about length of aneurysm, and this is 
an important area to study. I know of no such data in the literature. 
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Treatment of Traumatic Rupture 


of the Thoracic Aorta 


A 15-Year Experience 


A. Craig Eddy, MD; Valerie W. Rusch, MD; Thomas Marchioro, MD; David Ashbaugh, 


MD; Edward D. Verrier, MD; David Dillard, MD 


© Traumatic rupture of the thoracic aorta is increasing in inci- 
dence and remains a highly lethal injury. The morbidity associ- 
ated with this injury also remains high. We retrospectively re- 
viewed the records of all patients admitted to our emergency 
department with ruptured thoracic aortas during a 15-year period 
to determine the reason fer this persistently high morbidity and 
-mortality and to identify any factors that might improve the out- 
come. We found that patients who are in unstable condition on 
arrival in the emergency department or who become unstable 
i before reaching the operating room are not likely to survive. 
Patients who are injured in automobile accidents have a greater 
chance of survival than do those injured in motorcycle accidents 
or car-pedestrian accidents. Patients who are in hemodynamical- 
ly stable condition after aortic injury survive only if diagnosis and 
treatment are prompt. Major complications of repair following 
thoracic aortic injury relate primarily to the length of cross-clamp 
time, and every effort should be devoted to keeping the cross- 
clamp time less than 30 minutes. 
(Arch Surg. 1990;125:1351-1356) 


Ree of the thoracic aorta (RTA) following blunt tho- 
racie trauma frequently is a lethal injury that has been 
well characterized epidemiologically in both adults and chil- 
dren.” It has been associated with many different types of 
sudden-deceleration injury, including car and motorcycle ac- 
cidents, falls, airplane and train accidents, skiing and eques- 
trian mishaps, blast injuries, and cave-ins.*** Several investi- 
gators have shown that RTA occurs in 10% to 30% of adults 
sustaining fatal blunt trauma and found that it is one of the 
most common causes of death at the scene of a motor vehicle 
accident." 

Because most serious blunt thoracic injury is secondary to 
traffic accidents, and over the past three decades high-speed 
automobile travel has increased, it is not surprising that the 
incidence of RTA has also increased during this interval.” 
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Furthermore, more sophisticated prehospital care and the 
proliferation of rapid patient transport systems, especially. 
helicopters, has increased the number of patients with RTA 
who survive to reach the hospital: “” The morbidity and mor- 
tality associated with this injury, however, remain high, even 
among those patients who reach the hospital. =" The purpose 
of this review was to determine the reason for this persistent- 
ly high morbidity and mortality among patients who survive 
to reach the hospital and to identify any factors that might 
improve the outcome. 


MATERIALS AND METHODS 


We retrospectively reviewed the emergency department (ED) and 
operating room (OR) records at a major university trauma center for 
15-years from January 1975 to August 1989. Patients who arrived in 
the ED alive and subsequently diagnosed either before or after death 
as having RTA were identified, and their medical records, autopsy 
data, and police accident reports were reviewed in detail. The follow- 
ing characteristics were noted: (1) age, (2) sex, (8) mechanism of 
injury, (4) presence of hemodynamic instability, (6) method of diag- 
nosis, (6) time from injury to diagnosis and repair, (7) site and extent 
of aortic tear, (8) method of repair or attempted repair, (9) method of 
distal perfusion (if used), (10) cross-clamp times, (11) complications, 
(12) associated injuries, and (13) cause of death as established by the 
medical examiner. Hemodynamic instability was defined as sustained « 
blood pressure less than 90 mm Hg despite adequate fluid resuscita- 
tion. Data were contrasted using x” analysis, Fishers Exact Test, 
Student’ ¢ test, and Kruskal-Wallis one-way analysis of variance. 
P<.05 was considered statistically significant. 


RESULTS 


We identified 104 patients who survived RTA long enough 
to reach the ED. Their median age was 31 years, and 81% 
were male. Mechanisms of injury (Table 1) included automo- 
bile accidents, motorcycle accidents, car vs pedestrian acci- 
dents, and falls. Victims of automobile accidents were signifi- 
cantly more likely to survive RTA than were victims of 
motorcycle accidents or car-pedestrian accidents (P<.05). 
Among the 74 automobile accident victims, only one was 
noted to be wearing safety restraints. Sixty-three automobile 
accidents occurred at high speed. 
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Table 1.—Mechanism of Injury and Its Effect on Mortality 
Following Blunt Thoracic Aortic Injury 


























Total No. of No. (%) of 

Mechanism of injury Patients Survivors 
Motorcycle accidents 18 6 (33) 

Car-pedestrian accidents 8 1 (12.5) 
Falls 4 2 (50) 












Automobile accidents* 





36 (48) 





*Among the automobile accident victims, 59 (80%) were drivers, 12 (16%) 
were front-seat passengers, and three (4%) were rear-seat passengers. Victims 
of automobile accidents are statistically significantly more likely to survive than 
are those of motorcycle or car-pedestrian accidents (P<.05). 


Among the 104 patients who initially survived aortic inju- 
ry, 42 died before the injury was diagnosed or repair could be 
attempted. In all 42 of these patients, aortic transection was 
listed as a cause of death by the medical examiner. Sixty-two 
patients underwent attempted repair, and 17 patients died 
before the repair was completed. In all cases, aortic transec- 
tion was listed as a cause of death by the medical examiner. 
Forty-five patients underwent successful repair, and 41 sur- 
vived to leave the hospital. Four patients died after successful 

aortic repair of complications of other injuries, with head 
injury being the most common. 

Premortem diagnosis was made in 89 patients, and diagno- 
sis was made at autopsy in 15 patients. Aortic injury was 
identified by thoracotomy in the ED in 37 patients and by 
arteriography in 52 patients. In five of the 52 patients, aortic 
injury was diagnosed by digital subtraction angiography. 
Only one (3%) of the 37 patients whose injury was diagnosed 
by thoracotomy in the ED survived repair compared with 44 

' (84%) of the 52 patients whose injury was diagnosed by arteri- 
ography (P<.001). 
‘Among the 42 patients who died before aortic repair could 
- be attempted, 16 underwent immediate thoracotomy in the 
ED and unsuccessful resuscitation. Ten patients were initial- 
~ ly in stable condition but became unstable within 1 hour and 
subsequently underwent thoracotomy in the ED and unsuc- 
cessful resuscitation. Fifteen underwent an unsuccessful re- 
-<= suscitation in the ED without thoracotomy less than 1 hour 
-after injury and subsequently were found to have unsus- 
pected RTA at autopsy. One patient experienced cardiac 
arrest and died following diagnostic aortography before 
reaching the OR. Thus, 31 patients in this group of 42 arrived 
in the ED in hemodynamically unstable condition and could 
not be resuscitated. Eleven patients were hemodynamically 
stabilized initially but died of aortic injury before attempted 
diagnosis or repair. Reasons for delay in diagnosis included 
` treatment of higher-priority or more immediately life-threat- 
ening injuries in eight patients and free rupture before angi- 
ography was performed in three patients. 
‘Sixty-two patients underwent attempted operative repair, 
11 of whom were in hemodynamically unstable condition and 


in whom diagnosis was made by thoracotomy in the ED. 


These patients were taken directly to the OR for attempted 
repair, but only one patient in this group survived. Among the 
62 patients who underwent attempted operative repair, 51 
had. undergone diagnostic arteriography. Of these, 44 pa- 
tients survived aortic repair. 
The influence of hemodynamic instability is summarized in 
Table 2. Patients who present to the ED in hemodynamically 
“unstable condition or become hemodynamically unstable be- 
fore surgery are significantly less likely to survive their inju- 
ry than are patients who remain in stable condition (P<.001). 
Among the 52 patients in sufficiently stable condition to 
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Table 2.—-The Effect of Hemodynamic Instability on Survival 
Following Aortic Injury* 


Hemodynamically unstable patients 
Died in ED with thoracotomy 16 
Died in ED without thoracotomy 15 





















Died in OR after thoracotomy in ED 10 
Became unstable before angiography 10 
Survived operation after thoracotomy in ED 1 
Left the hospital alive 1 
Hemadynamically stable patients 
Underwent angiography 52 
Died after angiography before repair 1 
Died in OR 7 
Survived operation 44 






Died in hospital of causes other than aortic injury 
Left hospital alive 






*Hemadynamically unstable patients includes those who arrived in the 
emergency department (ED) in hemodynamically unstable condition and those 
who became unstable before angiography. Survival after thoracic aortic injury 
is statistically significantly lower (P<.001) in patients who are hemodynamically 
unstable compared with those who are hemodynamically stable (2% of 
hemodynamically unstable patients survived aortic repair [98% mortality] vs 
85% of hemodynamically stable patients [25% mortality]. OR indicates 
operating room. 


Table 3,—Location of Aortic Injuries* 


No. (%) of No. (%) of 
Location Injuries Observed Survivors 


Ascending aorta 0 


2 (29) 






Aortic arch 7 (7) 
Ligamentum arteriosum 93 (87) 42 (45) 
Descending thoracic aorta 6 (6) 1 (16) 









Multiple site 2 (2) 0 (0) 





*Values are for 106 injuries seen in 104 patients who survived to reach the 
emergency department; two patients had multiple injuries. 


underg» arteriography, survival decreased with delay in di- 
agnosis. Overall, 44 patients survived the operation. One 
patient died during transfer to the OR and seven died in the 
OR. Twenty-nine (94%) of 31 patients whose RTA was angio- 
graphically diagnosed less than 3 hours after injury survived 
surgery, whereas only 15 (71%) of 21 patients whose diagnosis 
was delayed more than 3 hours survived surgery. This ap- 
proached but did not reach statistical significance (P = .08). 

The locations of aortic injuries are summarized in Table 3. 
Rupture at the ligamentum arteriosum accounted for the 
majority (87%) of all injuries. Survival following RTA varied 
with the location of the aortic injury. Overall, 28% of patients 
with injuries to the aortic arch, 45% of patients with injuries 
at the igamentum arteriosum, and 17% of patients with 
injuries to the descending aorta survived. No patient with 
multiple aortic injuries survived operation. Among the 52 
patients who were in sufficiently hemodynamically stable 
condition to undergo arteriography, 41 (89%) of 46 patients 
with injuries at the ligamentum arteriosum survived com- 
pared with three (50%) of six with injuries in the arch or 
descending aorta; this was not statistically significant 
(P=.1)b. 

The irjuries most commonly associated with RTA are listed 
in Table 4. Survival varied inversely with the number of 
associated major injuries. Patients who died had an average 
of 4.0 associated injuries compared with 2.6 in survivors. 

Among the 62 patients taken to the OR, 17 did not survive 
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Table 4.—Injuries Most Commonly Associated 
With Aortic Injury* 









| Open cardiac injury 
Closed cardiac injury 14 5 
Great-vessel injury 5 1 

















“Head injury 35 17 
Spinal injury 1 4 
Pulmonary injury 30 25 





Chest-wail injury 41 
Abdominal injury 46 
Pelvic fracture 16 
Extremity fracture 30 


*There was an average of 4.0 injuries in nonsurvivors and 2.6 injuries in 
survivors. 





















Table 5.—A Comparison of Complications Following Repair 
of Traumatic Aortic Rupture Based on the Use 
of Distal Aortic Perfusion* 






With Distal 
Perfusion 
(n=19) 


Without Distal 
Perfusion 










Paraparesis 
Renal failure 2 1 
Pneumonia 5 4 
Arrythmia 4 


“There was no statistically: significant difference in the incidence of compli- 
‘cations based on the use of distal perfusion. Values represent numbers of 
patients. 









surgery. Ten of the 17 deaths occurred in patients who had 
undergone resuscitative thoracotomy in the ED for severe 
hemodynamic instability. In 18 patients, proximal aortic con- 
trol was never achieved. In two patients, interposition grafts 
were placed only after massive blood loss, and they subse- 
quently suffered cardiac arrest during unclamping of the 
aorta. Seven of the 17 deaths occurred in patients who had 
undergone arteriography. In three patients, proximal aortic 
~-eontrol was never achieved. In the remaining four patients, 
an interposition graft was placed, but the patients suffered 
cardiac arrest and died during or after aortic declamping. 
Among the 45 survivors, 36 patients underwent aortic 
repair with use of an interposition graft, four were repaired 
with a patch, and five underwent primary repair. In 26 pa- 
tients, repair was performed without distal aortic perfusion 
and in 19 repair was performed with distal perfusion. The 
decision whether to employ distal aortic perfusion was made 
by the individual surgeon at the time of the operation and was 
based on the condition of the patient and the surgeon's prefer- 
ence. Perfusion was accomplished with the use of several 
methods, including an aorto-aortiec Gott shunt (n=8), full 
cardiopulmonary bypass (n= 2), left ventricle to distal aortic 
shunt (n= 1), and left atrial to distal aortic shunt with use ofa 
heparinless pump (n=§). Distal aortic pressure was not rou- 
__ tinely monitored by lower-extremity pressure monitoring. 
_ Aortic cross-clamp times averaged 35 minutes (range, 18t0 56 
minutes) in patients without distal bypass and 59 minutes 
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Table 6.—A Comparison of Complications Following Repair 
of Traumatic Aortic Rupture Based on Length 
of Aortic Cross-Clamp Times 


No. of Patients by 
Aortic Cross-Clamp Time, min 





— 




















<30 30-45 >45 
Complication (n=9) (n= 15) (n=21) 
Paraplegia* 0 2 5 
Paraparesis* o 1 3 
Renal failure 0 1 2 
Pneumonia 2 4 3 
Arrythmia 2 3 1 





*The incidence of spinal cord ischemia increased significantly with cross- 
clamp times greater than 30 minutes (P<.05). 


(range, 32 to 90 minutes) in patients in whom distal bypass 
was performed. Aortic cross-clamp times were significantly 
shorter in patients in whom shunts were not placed (P<.001). 

The incidence of major complications following aortic repair 
is presented in Tables 5 and 6. Paraplegia and paraparesis 
together make up the spectrum of spinal cord ischemia. The 
incidence of major complications, particularly spinal cord 
ischemia, was not statistically related to the use of distal 
bypass (Table 5). Aortic cross-clamp times ranged from 18 to | 
90 minutes, and the incidence of spinal cord ischemia in- 
creased significantly (P<.05) with cross-clamp times greater 
than 30 minutes (Table 6). 


COMMENT 


The number of patients seen in EDs found to have traumat- 
ic rupture of the thoracic aorta is increasing and presents a 
continued challenge to the thoracic trauma surgeon. In our 
review, it is striking that only one of the more than 100 
patients who arrived in the ED alive was wearing a safety 
restraint and that the majority of accidents occurred at high 
rates of speed. It seems reasonable to conclude that the use of 
safety restraints may decrease aortic injury in survivors of 
high-speed automobile accidents. 

We found that patients in hemodynamically unstable condi- 
tion were significantly less likely to survive their injuries than 
were those patients whose condition was stabilized with fluid 
resuscitation. This is in disagreement with the observations 
of Sturm et al,” who retrospectively reviewed the course of 37 
patients found to have RTA and concluded that the presence 
of hypotension on admission had no bearing on survival. This 
disparity has probably occurred for two reasons. First, we 
included in our series all patients who survived to reach the 
ED, whereas the patients described by Sturm et al were 
preselected and included only those patients who survived 
long enough to undergo diagnosis and surgery. Second, un- 
derlying these disparate conclusions may be that the two 
studies differ in their definition of hemodynamic instability. 
The criteria set forth in our study are relatively strict (blood 
pressure <90 mm Hg despite adequate volume resuscitation) 
compared with the criteria established by Sturm et al(asingle 
blood pressure measurement of <100 mm Hg in the ED). Our 
definition of hypotension seems preferable based on our ob- 
servation that many trauma victims, including patients who 
have sustained relatively minor injuries, present to the ED 
with an isolated blood pressure measurement less than 100 
mm Hg but generally respond quickly to moderate volume 
resuscitation and remain in stable condition thereafter.” We 
conclude that marked hemodynamic instability is a poor prog- 
nostic sign in thoracic aortic injury. 
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During the past few years, many trauma surgeons have 
questioned the efficacy of thoracotomy in the ED in the 
resuscitation of blunt trauma victims, Bodai et al” and Hoyt et 
al“ concluded that resuscitative thoracotomy added no bene- 
fit to survival in blunt trauma victims. Our data strongly 
confirm this concept. Thirty-seven patients underwent thora- 
cotomy in the ED, but only one patient survived (97% mortal- 
ity). Furthermore, on retrospective review of the survivor's 
chart, it is unclear whether resuscitative thoracotomy was 
necessary. We conclude that resuscitative thoracotomy is 
fruitless in patients in hemodynamically unstable condition 
with RTA. 

Several authors have commented on the increase in the 
number of thoracic aortic injuries seen in EDs and have 
speculated that this has been due in part to improved pre- 
hospital care and faster methods of patient transport.*” Such 
speculation is difficult to prove because of the problems pre- 
sented by retrospective review of prehospital and inpatient 
records. At our institution, a trauma registry has been in 
place for the past 3 years in which data, including the hospital 
and prehospital care and outcome of traumatic injuries, are 
prospectively recorded. It is clear from these records that the 
acuity of injury among patients in the ED has increased 
during this time. Nonetheless, it is not possible to ascertain 
the relative contribution of prehospital care and improved 
patient transport to this trend. While it may well be true that 
many patients are now surviving to reach the ED but would 
have died of their injuries in the field previously, this does not 
necessarily imply a corresponding improvement in the out- 
come of a particular injury. In our series, only 2% of patients 
who were in hemodynamically unstable condition on arrival in 
the ED or in whom hemodynamic instability developed within 
1 hour of their arrival survived compared with a 75% survival 
rate among patients in sufficiently stable condition to undergo 
arteriography. Therefore, patients who sustain RTA and who 
survive to reach the ED may now represent a less “salvage- 
able” group in light of improved capabilities to transport 
and/or transiently stabilize severely injured patients and 
those in hemodynamically unstable condition. 

Our data strongly underline the importance of expeditious 
diagnosis in improving survival. The difference in mortality 
among patients whose injury was diagnosed early (<3 hours 
after injury) vs late (>3 hours after injury) approached but 
did not achieve statistical significance. The trend toward 
decreased survival in the group of patients in stable condition 
who underwent attempted repair more than 3 hours after 
injury may best be explained by increasing technical prob- 
lems related to an expanding aortic hematoma. As the aortic 
hematoma expands with time, normal intrathoracic anatomy 
is distorted and the size of the intimal disruption may increase 
and extend proximally into the aortic arch. These factors 
combine to make proximal aortic control more difficult. 
Among the six intraoperative deaths in our series that oc- 
curred in patients who underwent angiography but whose 
attempted repair occurred more than 3 hours after injury, 
adequate proximal control before cardiac arrest was not 
achieved in three and was associated with a large blood loss in 
two others. 

Furthermore, 11 patients were in stable condition on arriv- 
alin the ED but subsequently died of free intrapleural aortic 
rupture. It is possible that these patients might have survived 
their injuries if RTA had been identified more rapidly and 
operative repair had been attempted before hemodynamic 
instability occurs. Intravenous or intra-arterial digital sub- 
traction angiography can decrease the length of time required 
for identification of aortic injury.“” The use of these or other 
modalities to evaluate patients with potential RTA should be 
considered. 
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Although the location of aortic injury did not correlate 
statistically (P<.11) with survival, there was a strong trend 
toward enhanced survival among patients with tears at the 
ligamentum arteriosum. Because traumatic aortic rupture at 
sites other than the ligamentum arteriosum are rare, few 
surgeons have experience in the repair of these injuries. In 
addition, ruptures involving the aortic arch present the great- 
est teehnical challenges to proximal aortic control and repair. 

The incidence of spinal cord injury complicating thoracic 
aortic cross-clamping has been reported to be as high as 24% 
or mere.” Although the mechanism of the spinal insult is 
clearly ischemia or ischemia-reperfusion, the factors that 
influence and modify this complication are not well defined.”” 
Although evoked potentials were not used in our patients to 
detect subtle spinal cord ischemia, our study clearly demon- 
strates that the likelihood of major spinal cord damage is 
increased by relatively prolonged aortic cross-clamp times. In 
our series, no ischemic spinal cord injuries were observed 
postoperatively when the aortic cross-clamp was in place less 
than 80 minutes. The incidence of spinal cord ischemia was 
20% ater cross-clamping lasted 30 to 45 minutes and jumped 
to 38% in cases in which cross-clamping lasted longer than 45 
minutes. Therefore, it is imperative to make every effort to 
minimize aortic cross-clamp times. 

The utility of distal perfusion in reducing spinal cord isch- 
emia during aortic repair remains controversial. Some au- 
thors have strongly advocated the use of distal bypass, while 
others have stated that repair without bypass is clearly the 
procecure of choice.” The difficulties inherent in distal by- 
pass are primarily the logistics of placing the shunts and the 
increased complexity of equipment cluttering the operative 
field. It has been argued that these factors alone may prolong 
aortic cross-clamp times and offset any potential. benefits 
conferred by distal perfusion. Proposed benefits are protec- 
tion from spinal cord,” renal,” and hepatic” ischemia during 
aortic cross-clamping. Our study shows no difference in the 
incidence of spinal cord injury or renal failure after aortic 
clamping with or without distal bypass procedures. We have 
reported previously that the metabolic derangements in- 
duced by hepatic ischemia are more severe after simple cross- 
clamping compared with cross-clamping with bypass.” How- 
ever, we noted that by anticipating and appropriately 
treating these derangements at the time of cross-clamp re- 
moval, the relative increase in ischemia did not adversely 
affect morbidity and mortality. In fact, in a small series” of 
eight patients seen in a single year, there were no spinal cord 
injuries among patients operated on without distal aortic 
perfusion and two cases of paraplegia among patients with 
perfusion. 

In the absence of conclusive evidence that distal aortic 
perfusion is beneficial, the widespread use of this technique 
may be surprising. Unfortunately, in the United States, the 
medicolegal ramifications of aortic injury can affect our judg- 
ment as surgeons. Because traumatic aortic ruptures occur 
primarily in young adults, the consequences of paraplegia in 
terms of lost productivity are particularly devastating. In 
today’s legal climate, this has translated into the possibility of 
large monetary awards to aortic trauma victims who become 
paraplegic even if it cannot be clearly established that distal 
aortic bypass reduces this complication. 

These complex issues raise the question as to when distal 
aortic perfusion should be considered and by what method. 
We believe that this is a surgical judgment that must be made 
at the time of operation. In patients who have straightfor- 
ward aertic tears without arch involvement and who present 
in the OR with small localized hematomas, repair without 
distal perfusion is the most rapid and expeditious method for 
repair. However, in patients with more extensive injury and 
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complex anatomy, we may consider the use of some form of 
distal perfusion. We have tried several different techniques 
for distal perfusion, including the Gott shunt, left ventricle to 
aorta shunt, heparinized full cardiopulmonary bypass, and 
< hepariniess left atrial to distal aorta shunt. Most trauma 
victims with aortic tears have multiple injuries, so hepariniza- 
= tion should be avoided. In addition, the ideal method of distal 
bypass must be simple to employ and should not prolong 
-cross-clamp times. Distal perfusion with the heparinless vor- 
- tex centrifugal pump has recently gained popularity. ™™ If 
“distal aortic perfusion is judged to be necessary by the operat- 
ing surgeon, we have found this to be a very satisfactory 
method. We employ a right-angle cannula in the left atrium, 
which can be directed out of the operative field. If the aortic 
hematoma is relatively small, a distal thoracic aortic site can 
be used for the arterial cannulation site and the arterial line 
routed anterior to the hilum out of the surgical field. If the 
hematoma is large, the femoral artery can be used for the 
cannulation site, again out of the surgical field. Bypass is 
initiated before dissection of the aortic hematoma in an at- 
"tempt to decrease the risk of intraoperative aortic rupture 
before proximal aortic control. The advantages to this type of 
distal bypass are that it not only accomplishes oxygenated 
perfusion of the distal aortic bed but also decreases proximal 
hypertension associated with aortic clamping and decreases 
left ventricular afterload. The degree of afterload reduction 
can be varied by alsering the flow from the pump. These 
factors often greatly simplify the anesthetic management of 
the patient. 

The decision about how to repair the aortic injury remains 
with the individual surgeon. Primary repair has many advan- 
tages over repair with a prosthetic graft or patch and can be 
accomplished safely in many cases.“ However, the most 
important consideration is that regardless of the method, the 
repair needs to be cermpleted safely in less than 30 minutes. 
Therefore, a rapid, accurate assessment of the injury after 
the aorta has been exposed is the most eritical step. It is 
disastrous to begin aprimary repair only to realize later that a 
graft is necessary and that the repair must be repeated. For 
this reason, we would piace an interposition graft if there is 
any question about whether a primary repair can be 
accomplished. 

The authors gratefully acknowledge Corrine Fligner, MD, and Donald Reay, 
MD, of the King County (Washington) Medical Examiner's Office for their 
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Discussion 


RONALD J. NELSON, MD, Santa Monica, Calif: Since 1958, it has 
been widely recognized that approximately 85% of patients with 
traumatic rupture of the aorta die before reaching the hospital. 
Efforts to improve this dismal record have centered on prevention on 
the one hand and on more expeditious care on the other. As a society, 
we still need to concentrate on prevention to significantly decrease 
the number of these unfortunate deaths. 

As surgeons, we will have a greater influence in promoting the 
design of cars that absorb the force of impact, in promoting the 
mandatory use of seat belts and air bags, and in campaigning for safer 
roadways and driving laws. 

With improved prehospital care and rapid evacuation, more blunt 
trauma victims are arriving in the ED alive, but the small number of 
survivors with aortic rupture is lower. Even at Harborview Medical 
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Center, Seattle, Wash, emergency thoracotomy was unproductive 
-only one survivor in 42 attempts—in keeping with the experiences of 
-other centers. There was a glimmer of hope for the 11 patients whose 
conditions were initially stabilized, had the diagnosis been made and 

- -= -eontrol established in less than 1 hour. Rapid digital subtraction 
> angiography with intravenous dye, if possible, may be the best hope. 

_.- What are the authors’ indications for this study, and how quickly can 

it be aecomplished? 
_.--In- those victims whose condition is too unstable for even rapid 
- digital angiography, is there a role for the percutaneous life support 

0o systems now being developed, particularly if improved heparin bond- 

. ing proves feasible? 

-= After hypotension is controlled, hypertension is often a problem, 
probably due to stimulation of the rich sympathetic plexus in the 
adventitia, and may be a clue to the diagnosis. Control of this hyper- 
tension with nitroprusside, or judicious use of short-acting B- 
blockers, may be very important. We have a house officer in constant 

» attendance monitoring the patient and managing this internal 

> therapy. : 
To what degree could the deaths be attributed to causes other than 
» the ruptured aorta? These patients are indeed an exercise in multi- 
system management. How many different operating surgeons were 
involved during the 15 years of this review? A cross-clamp time of less 
than 30 minutes does not guarantee absence of spinal cord damage; 
however, the relationship of cross-clamp time to incidence of paraple- 
giais in keeping with the experience of many others. I, too, avoid the 

“use of shunt placement, unless the injury is complex, and favor direct 

repair when the tear is not circumferential. It is true that shunt 
-placement in the field carries its own risks in this series. I, too, favor 
the use of the centrifugal pump if needed and always call the pump 
team.in ona standby basis. 

ie ‘CARLOS SCHMIDT, MD, Loma Linda, Calif: At Loma Linda, we 
have had a very similar experience with similar results. 

-$ Different types of repairs, such as bypasses and shunt placement, 
have not changed the outcome. The only thing that appears to change 
“the morbidity and the mortality is the cross-clamp time. To decrease 
-cross-clamp time, we have been able to do primary repair on most 
-Yuptured aortas. By doing a primary repair, we have cut down the 
average cross-clamp time to about 12 minutes in all patients. The last 
_ $2 consecutive aortic ruptures have been repaired primarily. 

<: How many patients in this series received grafts, and how many 
“underwent primary repair? 

We have noted a tremendous decrease in the number of aortic 
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ruptures since the seat belt laws have been instituted in California. Is 


this true in Seattle as well? 

WILEY F. BARKER, MD, Los Angeles, Calif: One can find several 
reports in the orthopedic literature that focus. on major trauma and 
fracture of the spondylitic thoracic spine and an associated classical 
rupture of the thoracic aorta. There is usually. some surprise ex- 
pressed at finding rupture of the thoracic aorta in these patients, and 
treatment of the aortic lesion is at times delayed. Paraplegia is 
usually attributed solely to the fracture of the spine, and distal 
ischemia, especially in the presence of shock, is passed over lightly, It 
is commonly suggested that the aorta may rupture because of an 
associated aortitis related to the disease that caused the spondylitis. 
It is implied that rupture of the aorta is uncommon, except in the 
presence of a fractured thoracic spine. Have the authors encountered 
this phenomenon? How commonly is aortic rupture and a fracture of 
the spine, spondylitic or otherwise, seen? 

Dr DILLARD: The most interesting new finding is that of patients 
who come into the hospital “alive”; many have been resuscitated in 
the field. In general, if the patient arrives at the hospital dead, he 
tends tə stay in that state, and emergency thoracotomy is a disaster 
without salvage. A prompt and orderly workup of the patient with the 
use of angiography and transfer to the hospital OR does make a 
difference, as the data show. We have used digital subtraction stud- 
ies. They can be done rapidly but do not absolutely rule out a rupture, 
so we have relied on angiography as the “gold standard.” 

There were five different surgeons involved in this 15-year study. 

Shunt placement increases the risk of problems and of a prolonged 
cross-clamp time, so many of us prefer to pursue the more rapid direct 
repair. 

We have occasionally seen patients who seem to be paraplegic 
because of spinal cord injury, but we cannot attribute the paraplegia 
to this {f the patient has also had an operation for a ruptured aorta. 
Among the 51 repairs in our series, there were four patches and five 
primary repairs; the remainder were interposition grafts. I am sur- 
prised at the high incidence of primary repairs reported by some 
authors. Our experience has been that if the tear is circumferential, 
the two ends are widely separated, and bringing them together is- 
very difficult. If one attempts this and then has to revert to an 
interposition graft, the cross-clamp time is substantially prolonged. 
We do do primary repair when the tear is not completely circumferen- 
tial; otherwise we employ an interposition graft. 

Blood pressure is usually controlled with short-acting B-blockers, 
with careful monitoring before and during the operation. 


Rupture of Thoracic Aorta—Eddy etal 











-Angioscopy for Intraoperative 


Management of Thromboembolectomy 
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Auri Spigelman, MD; Ernest Shore, MD 


è Our experience with angioscopy suggests that direct visual- 
ization of the arterial lumen during thromboembolectomy proce- 
. -dures would provide amore reliable method of assessing luminal 

morphologic characteristics than angiography alone. We in- 
spected 32 grafts (seven aortobifemoral, 18 infrainguinal bypass, 
and seven dialysis access fistula grafts) in 32 patients. Thirty-one 
patients had thrombotic events and one patient had an acute 
embolus. Angioscopy following standard catheter thrombec- 
tomy revealed significant amounts of retained thrombus or 
neointima in all thrombectomies. Angioscopic information from 
18 patients with an infrainguinal bypass graft led to graft revision 
-in six cases and placement of a new graft in 10 cases. One graft 
limb was replaced in seven aortobifemoral grafts, and multiple 
repeated thrombectomies were employed to extract debris in the 
remaining six cases. Repeated graft thrombectomy was also 
beneficial in dialysis access fistulas. Angioscopy allowed us to 
omit the completion angiogram and led to an improved technical 
result. We conclude that angloscopy is useful during throm- 
boembolectomy procedures. 

(Arch Surg. 1990;125:1357-1362) 


O ur group has previously described the techniques of in- 
traoperative angioscopy for delineation of luminal mor- 
phologic characteristics.’ Subsequent. efforts demonstrated 
the ability of angioscopy to identify an intraluminal thrombus 
not well defined by angiography.’ In our initial experience, 
angioscopy after initial thrombectomy revealed extensive 
retained thrombus and luminal filling defects in six of seven 
cases. However, in this experience, angioscopic techniques 
were limited by lack of appropriate instrumentation. Visual- 
ization of the lumen was achieved only after cumbersome 
irrigation displaced blood from the field, and assembly of 
angioseopic systems was often time-consuming.’ Over the last 
3-years, in collaboration with several manufacturers, we have 
refined our angioscopic techniques, permitting reliable visu- 
alization of the lumen in thrombus-filled arteries or grafts. 
Our experience and the experience of Mehigan and Olcott,’ 
White et al,’ and Miller et al’ suggest that angioscopy might be 
valuable when angiography is difficult to perform or inter- 
pret.’ Thus, angioscopy might permit the surgeon to perform 
thrombectomy with greater control and less residual throm- 
bus. The goal of this study is to assess the role of angioscopy 
during thrombectomy. 
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PATIENTS AND METHODS 
Methods 


We used angioscopes from four manufacturers: Olympus (Lake 
Success, NY), Baxter-Edwards (Irvine, Calif), Karl Storz (Culver 
City, Calif), and Intramed Laboratories (San Diego, Calif). Each 
manufacturer provided its own endoscopic system. 

The Olympus system employed angioscopes 0.8, 1.4, 2.2, and 
2.8 mm in diameter. The angioscopes were coupled to a modified 
solid-state video camera. Images were displayed on a high-resolution 
color monitor. Irrigation was provided by an Olympus roller pump 
designed to our specifications for angioscopic applications. 

The Baxter-Edwards system was modified during the study. Al- 
though angioscope size was not altered, significant improvements 
were achieved in image resolution and ease of use. The system 
employs reusable endoscopes 0.85 and 1.0 mm in diameter placed 
inside 5F or 7F guide catheters. In 1988, Baxter-Edwards introduced 
a 2.3-mm disposable angioscope with 6000 pixels in the imaging 
bundle. This angioscope contains its own 1.0-mm irrigation channel 
and couples directly into a solid-state video camera, The resulting 
image is displayed on a 35-cm high-resolution monitor (Sony, New 
York, NY). 

The prototype Storz angioscope contained a high-resolution image 
bundle and a 1.0-mm irrigation channel coupled to a standard solid- 
state video camera with antiblooming circuitry. The Intramed sys- 
tem employs three different angioscopic catheters 0.7, 2.1, and 
2.8 mm in diameter. These disposable angioscopes are coupled to a 
high-resolution solid-state video camera (Panasonic, Secaucus, NJ) 
and a monitor (Sony). The 2.1- and 2.8-mm devices can be actively 
steered in one direction and contain a 1.0-mm working channel. 

Illumination is provided by a 300-W xenon light source supplied by 
the above manufacturers. Each light source is different in construc- 
tion and is designed to deliver light into a specific optical coupler. 
Although it is possible to interchange light sources through the use of 
adapters, this tends to decrease coupling efficiency and leads to 
suboptimal illumination. Automatic gain control and illumination 
feedback control circuits, although available in some models, were 
not useful. Failure of automatic gain control circuitry to improve the 
angioscopic image was due in large part to the projection of a relative- 
ly small image onto a large monitor screen. In the presence of an 
automatic gain control circuit, only a small portion of the visual field is 
lighted by the small angioscopic image; thus, the gain always operates 
at maximum. In addition, angioscopic light requirements tend to 
fluctuate rapidly as the angioscope is directed at white or red walls or 
the central lumen. Therefore, manual control of illumination was 
preferable. The introduction of antiblooming circuitry and cameras 
with improved dynamie range has improved image quality. The 
presence of a skilled technician simplifies use of the equipment but is 
no longer required, as newer systems are easier to operate. 

In all cases an angioscopy system operator was present to provide 
consistent operation of the equipment and interpretation of the itm- 
ages as well as precise data collection. The presence of a trained 
system operator permits rapid archiving of the data and improves the 
longevity of the angioscopes. Choice of angioscope was based on the 
availability of instrumentation and the size of the blood vessel to be 
inspected. The diameter of the angioscope was less than two thirds 
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the diameter of the blood vessel. Careful selection of the angioscope is 
essential to prevent injury to the arterial or graft wall. Normal saline 
was used for fluid irrigation and was delivered to the site of inspection 
either through the angioscope itself (if a channel was present) or via a 
coaxial irrigation catheter. When dealing with native arteries, an 
introducer sheath is employed to prevent damage to the arteriotomy 
wall, and the side port can be used for irrigation. In all cases, initial 
irrigation was performed to clear the lumen. In the blood vessel to be 
inspected, flow rates of 50 to 125 mL/min were initially provided; 
rates were decreased to 10 to 75 mL/min to maintain a clear visual 
field. The total volume infused (not necessarily into the patient) 
rarely exceeded 500 mL, and no clinical sequelae occurred as a result 
of fluid infusion. 


Intraoperative Techniques 


Using standard surgical approaches, the artery or graft to be 
thrombectomized was isolated and controlled. In 32 patients, angi- 
oscopy was used to assess the nature and location of the obstruction 
before a Fogarty thrombectomy catheter was introduced. Thrombec- 
tomy was performed in a standard fashion using a Fogarty catheter 
passed beyond the obstruction. Balloon inflation and debris extrac- 
tion was repeated until no further thrombus was found. Following 
thrombectomy, angioscopy was used to identify residual thrombus, 
neointimal hyperplasia, neointimal flap, retained valves, and other 
luminal obstructions. Identification and localization of residual debris 
permitted angioscopically directed thrombectomy. In two cases, an 
Olympus pulmonary brush was employed to extract residual throm- 
bus and neointimal debris from grafts. With angioscopic control, the 
Fogarty balloon catheter was positioned and inflated. After throm- 
bectomy, inspection of the distal outflow tract was performed by 
observing retrograde blood flow distal to the site of thrombectomy. 


Patients 


From September 1, 1987, through August 31, 1989, angioscopically 
guided Fogarty catheter thromboembolectomy was performed on 32 
patients with occluded arteries or grafts (16 men and 16 women; age 
range, 51 through 92 years, with a mean of 76 years). Nine throm- 
boembolectomy procedures were performed for occlusion less than 
1 month in duration (acute), and 23 procedures were performed for 
occlusion greater than 1 month in duration (chronic). Ten patients 
(nine with chronic and one with acute occlusion) had thrombectomy of 
an above-the-knee femoropopliteal graft, and eight patients (six with 
chronic and two with acute occlusion) had thrombectomy of an infra- 
geniculate femoropopliteal or femorotibial bypass graft. Seven pa- 
tients had a thrombosed forearm dialysis access fistula (two with 
chronic and five with acute occlusion). Six patients had obstructions 
in the distal or proximal native artery. (Angioscopy was used to locate 
these obstructions. ) Blood vessel patency and clinical symptoms were 
recorded after each procedure. Long-term follow-up data were avail- 
able for all patients for 1 to 25 months, with a mean follow-up of 
7 months. 


RESULTS 


High-resolution angioscopic images were obtained in all 
patients, with excellent visualization of the lumen. These 
images identified the location and nature of the obstruction. A 
summary of results is presented in the Table. Angioscopy 
revealed debris or thrombus in all 18 patients who had throm- 
bectomy of a femoropopliteal graft. In four of 10 patients with 
above-the-knee grafts, neointimal hyperplasia at the distal 
anastomosis caused graft occlusion and was repaired. In five 
patients a second bypass graft was placed. In only one case 
was thrombectomy found to be sufficient. In these nine pa- 
tients with above-the-knee thromboembolectomy of graft, 
angioscopy defined the extent of luminal compromise and the 
obliteration of the lumen in the artery immediately distal to 
the anastomosis. Of the four grafts that underwent revision, 
two were widely patent and one was stenotic, and one patient 
required placement of a new graft for progressive ischemia. 
Of the five new grafts placed, four remained open without 
subsequent surgery; however, one patient developed claudi- 
cation at two blocks. The fifth patients graft was occluded 
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7 months after his suprageniculate femoropopliteal bypass 
graft was converted to an infrageniculate femoropopliteal 
bypass graft. This patient had claudication at one block and 
declinad further surgical intervention. 

Of the eight below-the-knee procedures, two were per- 
formed for extraction of emboli and six were performed for 
late obstruction of bypass grafts. Angioscopy located the 
emboli and thrombus in those patients with distal bypass 
grafts and assisted with extraction of the clot with the Fo- 
garty catheter. Balloon inflation in these small arteries could 
be controlled by direct visualization with the angioscope. 

In ane patient, distal ischemia 48 hours after infragenicu- 
late femoropopliteal bypass was determined angioscopically 
to be secondary to an embolus. The embolus was extracted, 
and blood flow was restored to the lower leg (Fig 1). In six 
patients, angioscopy suggested that continued attempts at 
thrombectomy would not result in an acceptable lumen due to 
intimal flaps or sclerotic vein graft segments. In five of these 
six patients, graft replacement was initiated on the basis of 
angioscopic findings. Angioscopic inspection in one patient 
revealed a distal outflow obstruction of approximately 50%. 
Intracperative angiography showed minimal stenosis and the 
graft was left in place. This graft was occluded within 1 week. 
A new graft was placed after angioscopic inspection sug- 
gestec that the outflow obstruction was more significant than 
previously appreciated. Three patients with in situ grafts had 
uncut valve leaflets visualized after thrombectomy. The po- 
tential for these nondisrupted valves to serve as a nidus for 
graft cbstruction is illustrated in Fig 2. Vigorous attempts at 
thrombectomy in this case led to disruption of the intimal 
surface. Although the proximal graft was widely patent, the 
infragenicular portion of the graft could not be salvaged. 
Despite graft revision and subsequent new graft placement, 
this patient's distal circulation was occluded, and below-the- 
knee amputation was required 8 months after the initial revi- 
sion. Of the remaining seven patients, five had patent grafts 
and were without symptoms. One patient had a mild increase 
in claudication and one patient required placement of a new 
graft. 

Thus, among eight patients, angioscopically guided throm- 
boembolectomy produced seven viable limbs and one below- 
the-knee amputation. In this series of 18 femoropopliteal 
throm >oembolectomies, new grafts were placed in 10 (56%) of 
18 patients and graft revision was performed in seven (39%) of 
18 patients. Of these 18 patients, 15 (88%) had significant 
improvements in their conditions, two (11%) had a return of 
ischemic symptoms, and one (6%) required an amputation. 
The overall patency rate, including secondary procedures, 
was 94% after a mean follow-up of 7 months (range, 1 to 25 
months). 

In six of seven aortobifemoral grafts, neointimal hyperpla- 
sia was identified as the major cause of obstruction. In one 
case, acute thrombosis from a kink in the graft was identified. 
Efforts to mobilize and straighten the graft were unsuccess- 
ful, and the graft was replaced. In two cases the Fogarty 
catheter could not extract adherent neointima. Angioscopy 
permitted the use of a bronchoscopic biopsy brush to extract 
the adherent neointima. The stages of brush extraction of 
neointima or adherent thrombus are shown in Fig 3. 

Graft patency was maintained in five of these seven pa- 
tients with aortobifemoral grafts. Of these five patients, 
three required an additional femoropopliteal bypass for relief 
of ischemic symptoms. All five grafts in this group remained 
patent. In one patient, graft occlusion at 15 months necessi- 
tated replacement of the entire graft. A second patient, who 
had reocclusion of the limb of his graft 3 months after throm- 
bectoray, was treated with a femorofemoral bypass graft. 

Seven patients had a thrombectomy performed for occlu- 
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Classification of Angioscopically Guided Thromboembolectomy Procedures 


Thrombectomy Repeated New Revised 
Location No. (%) Chronict Thrombectomies Grafts Grafts 





Above the knee 10 (31) 9 10 5 

Below the knee 8 (25) 6 8 5 

Arteriovenous fistula 7 (22) 

Aortofemoral 7 (22) 6 7 1 6 
Total, No. (%) 32 (100) 9 (28) 23 (72) 32 (100) 11 (34) 12 (38) 

















*Less than 1 month after the nitial operation. 
+More than 1 month after the initial operation. 


Fig 1.—Left, Angioscopic image of a 
48-hour-old embolus in the infrageniculate 
popliteal graft of a 67-year-old man. The 
angioscope was passed down the femoro- 
popliteal graft to reveal this subtotal obstruc- 
tion. Right, After embolectomy, angioscopy 
revealed a widely patent graft free of debris. 
This image and vigorous blood flow suggest- 
ed that completion angiography was not 
necessary. 





Fig 2.—Top left, Angioscopic image of an in 
situ saphenous vein bypass graft to the com- 
mon peroneal trunk of an 87-year-old man 
with progressive lower-limb ischemia. The lu- 
menis subtotally occluded by thrombus incor- 
porated into an undisrupted valve leaflet ex- 
tending from the 3-o'clock to the 9-o’clock 
position. Top right, Distal angioscopic inspec- 
tion reveals a second area of high-grade ste- 
nosis with a prominent flap. Bottom left, In the 
distal portion of the vein graft, this post-throm- 
bectomy angioscopic image demonstrates a 
large, long flap that caused luminal obstruc- 
tion during irrigation. This angioscopic finding 
necessitated replacement of the distal graft. 
Bottom right, This angioscopic image shows 
the above-the-knee portion of the vein graft 
during final inspection. The lumen is free of 
thrombotic debris. 
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Fig 3.—A, Angioscopic image obtained prior to thrombectomy in an occluded limb of an aortobifemoral graft in a 75-year- 
old man, showing massive obstruction of the lumen by neointima and thrombus. B, After standard thrombectomy, tenacious 
neointima was removed with a pulmonary biopsy brush. The brush is seen at the 9-o’clock position. A Fogarty balloon 
catheter is used to occlude blood flow in the graft at the aortic bifurcation. C, During thrombectomy, debris clings to the walls 
of the Dacron graft. Continued intraluminal brush manipulation under angioscopic control permits extraction of retained 
debris. D, Final inspection shows the graft lumen to be free of debris. The occlusive balloon catheter is seen at the 7-o'clock 
position, extending the length of the graft. E, Thrombotic debris after extraction with the pulmonary biopsy brush. The debris 
is a mixture of fresh thrombus, neointima, and organized clot. 


Fig 4.—Left, Prethrombectomy angioscopic 
image obtained in a dialysis access fistula of 
the left arm. Thrombus and neointimal flaps 
fill the lumen. Right, After thrombectomy, an- 
gioscopy revealed a wide-open lumen with 
only scattered patches of thrombotic debris. 
No further extractions were performed. 





sion of an arteriovenous dialysis access fistula. In each case for graft revision. However, subsequent procedures, includ- 
(after routine thrombectomy) angioscopy showed a signifi- ing three repeated thrombectomies and one balloon angio- 
cant amount of retained thrombus (Fig 4). Angioscopy per- plasty ef an arterial anastomosis, were required. In two 
mitted extraction of the retained thrombus without the need patients, profound hypotension appeared to be the cause of 
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subsequent thrombosis. In one patient, a stenotic arterial 
anastomosis was dilated oy balloon angioplasty and remained 
open. Our overall short-term results are summarized in the 
Table. In this series, angioscopic information in 32 patients 
“fed to thrombectomy ir. all patients, graft revisions in 12 
patients, and placement of new grafts in 11 patients. 


COMMENT 


Our results suggest that angioscopy permits the surgeon to 
assess the completeness of balloon thrombectomy, particular- 
ly when completion angiography is difficult. In cases with 
dialysis access fistulas and occluded segments of aortofemoral 
bypass graft, angioscopy clearly identifies the need for fur- 
ther debris extraction, despite negative results of catheter 
embolectomy. In vein grafts, angioscopy is very effective at 
distinguishing thrombus from intimal flaps and retained 
valves. Although cur series is small, our data suggest that 
angioscopy provides improved technical results compared 
with thrembectomy. 

Angioscopy does not replace preoperative angiography. 
We continue to believe that preoperative angiography is ben- 
eficial in providing the location and extent of stenosis and 
occlusion. However, once the thrombectomy has begun, angi- 
ography cannot determine the nature of the occlusion or the 
extent of changes made without a repeated angiogram. Fur- 
thermore, it is relatively inconvenient to perform multiple 
angiographic procedures as the thrombectomy proceeds. In 
contrast, angioscopy can be performed concurrent with the 
thrombectomy, providing detailed information on the location 
and extent of residual debris. Since angioscopy facilitates the 
procedure and decreases dye load, we believe angioscopy 
should be performed during thrombectomy if the surgeon is 
familiar with the technique and the technology is available. 

All surgeons performing angioscopies in this series had 
extensive experierce. In addition, a second trained observer 
was present in the operating room to confirm angioscopic 
observations. In light of the potential to overread the findings 
of angioscopy, our group was careful not to repeat thrombec- 
tomy, revise grafts, or replace grafts unless significant 
thrombus, obstruction, or graft damage was observed. How- 
ever, we repeated thrombectomy whenever angioscopic in- 
spection revealed significant luminal compromise due to 
thrombus. 

Completion angiegrephy at the time of angioscopy was 
performed in only eight cases; thus, direct comparison of the 
two modalities is not feasible in this study. However, in 16 
patients the surgeon decided not to perform completion angi- 
ography based on angicscopic information. This was particu- 
larly helpful in patients with renal failure or high creatinine 
levels or in patients who had already received significant dye 
loads. Of eight patients who underwent completion angiogra- 
phy followed by angioscopic inspection, arteriography signifi- 
cantly underestimated or missed the presence of retained 
thrombus and debris. In two cases, significant stenosis of the 
distal anastomosis was found on angioscopy but not on 
angiography. 

Our experience is consistent with that of White et al,° 
Vollmar and Hutsekenreiter,’ and Miller et al.° In each series, 
angioscopy identified significant residual thrombus, even 
when retrograde blood flow was observed. Miller et al noted 
that angiography significantly underestimated the volume of 
residual thrombus, and White et al noted a significant dispari- 
ty between angioscopy and angiography. We view angioscopy 
as.complementary to angiography. Angiography provides an 
= “overall road map in defining the arterial tree, while angios- 

-copy permits direct observation of specific portions of the 
arterial anatomy. 

Angioscopy is mcre sensitive than angiography to the pres- 
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ence of thrombus and luminal obstruction.’ Our studies sug- 
gest that careful attention to detail is necessary for proper 
interpretation of angioscopic results. Because angioscopy 
presents the vascular surgeon with a highly magnified view, 
small strands of residual thrombus may appear to be larger 
than they really are. It is therefore important to use the shaft 
of the Fogarty catheter for size comparison. This prevents 
overly aggressive attempts to remove every last strand of 
thrombus. Repeated attempts at debris extraction, particu- 
larly in native arterial segments or vein grafts, may turn 
success into failure. In addition, angioscopic findings may 
prompt placement of a new graft, as in 10 cases of infrain- 
guinal bypasses in the present series. 

Previous studies of arterial thromboembolism demon- 
strated that secondary procedures can achieve a high rate of 
good long-term functional success.”** In the present limited 
series, graft patency was maintained in 94% of patients 
through a combination of graft revision and graft replace- 
ment. Repeated bypass procedures were performed in seven 
(28%) of these 25 patients with aortobifemoral or infrain- 
guinal grafts. Follow-up in the group ranged from 1 to 25 
months. 

Our experience suggests that the high rate of repeated 
procedures required after thromboembolectomy may be due 
to unrecognized injury caused by the balloon catheter itself.“ 
Since angioscopy can show the extent of balloon inflation, it 
may help minimize traumatic damage to the arterial wall. 
When damage is already present due to thrombosis or athero- 
sclerosis, angioscopy may be more effective than angiography 
in determining which grafts need revision or replacement. 
We believe angioscopy provided an improved technical re- 
sult, as completion angiography was less sensitive to retained 
thrombus and luminal obstruction. In many cases a normal 
completion angioscopic view will obviate the need for concom- 
itant angiography. 

This study was supported in part by Imperial Grand Sweepstakes and Grand 
Sweepstakes of Cedars-Sinai Medical Center and also by grant HL-17651 from 
the Specialized Centers of Research in Ischemic Heart Disease of the National 
Heart, Lung, and Blood Institute. Dr Grundfest is a recipient of clinical 


investigator award 1K087 HL-01522 from the National Heart, Lung, and Blood 
Institute. 
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Discussion 


S. ERIC WILSON, MD, Torrance, Calif: Novelty is not enough. 
Before we accept a new device, it should meet at least four criteria. 
First, it should consistently perform better than existing techniques, 
in this case, the completion angiogram. The direct view afforded by 
the angioscope literally adds a new dimension to the black-and-white 
negative images of the arteriogram. Second, it must be practical, so 
that on short notice in emergencies and in the evening hours, instru- 
mentation would be readily available to the surgeon without the 
assistance of a biomedical engineer to set up the equipment. The 
modular “ready-to-plug-in” video setup and disposable angioscopes 
have made this practical. Third, it must be safe. The only complica- 
tion other than those related to blood vessel cannulation appears to be 
the slight risk of volume overload in the elderly patient. Last, it must 
be cost-effective. How much does the use of the angioscope add to the 
cost of the procedure? 

We recently presented (White GH, White RA, Kopchok GE, et al. 
J Vase Surg. 1990;11:280-288) our experience with endoscopically 
directed thromboembolectomy in 73 patients. In the majority of these 
patients, retained thrombus was observed after no more clot could be 
obtained with the Fogarty catheter. In two thirds of these patients, 
this allowed us to repeat the balloon embolectomy, now guided with 
the angioscope. In some patients, biopsy forceps were useful in 
extracting plaques, and in others adherent clot was removed with a 
brush. The angioscope was helpful in directing us to additional opera- 
tion or angioplasty. The angioscope is particularly useful in guiding 
the Fogarty catheter into the branches of the popliteal artery large 
enough to accept both the angioscope and the embolectomy catheter. 
After thrombectomy of a clotted graft, the angioscope may disclose 
intimal hyperplasia at the distal anastomosis, allowing the surgeon to 
devise a method of local revision or use a short jump graft to a more 
distal, favorable runoff vessel. In some cases we have found that a 
distal incision alone may be sufficient to perform the thrombectomy 
and also to revise the distal anastomosis. 

The angioscope is also very useful in thromboembolectomy of 
native blood vessels. An embolus can be distinguished from thrombus 
forming in an already atherosclerotic artery. Extraction of the clot 
alone under these circumstances, even with anticoagulation, is often 
followed by rethrombosis, since the cause has not been corrected. In 
these patients I believe the best procedure is an early femoropopliteal 
bypass. Inspection of the interior of the artery with the angioscope 
may aid in making that important decision. 

To what extent have you and your coworkers incorporated angios- 
copy into your daily practice? Have you replaced completion arteriog- 
raphy with angioscopic examination? Do you recommend routine use 
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of the angioscope at each vascular procedure? Do you think our ability 
to get amore complete thrombectomy with the angioscope will gener- 
ate new enthusiasm for venous thrombectomy? Have you infused 
thrombolytic agents through the channel in the angioscope? How 
useful are the very small 0.4- to 0.8-mm angioscopes that do not have 
an irrigation channel? 

Eric W. FONKALSRUD, MD, Los Angeles, Calif: Can one apply 
the technique to small blood vessels? What is the size limit of the 
technology? 

EUGENE BERNSTEIN, MD, La Jolla, Calif: The angioscope is open- 
ing a new form of vascular surgery: a surgeon-performed endovascu- 
lar procedure guided by the angioscope, using the tools interventional 
radiologists use, such as balloons, Simpson cutters, and other ather- 
ectomy devices. I believe we are now ready to adapt the tools of the 
arthroseopist and the dentist to this kind of work, What kinds of 
instruments have the authors used with the angioscope? 

JOHN R. BENFIELD, MD, Sacramento, Calif: Has the angi- 
ographer started to use angioscopes as an adjunct? If not, when do 
you project this? 

DR TREIMAN: At present neither the surgeon nor the hospital 
charges the patient for the procedure. I suspect that in the very near 
future the hospital will charge the patient, but the surgeon will not. 
Angioscopy has become a very important part of our practice. We 
have a fellow who is in charge of the equipment, assists with the 
procedure, and ensures that the instrumentation is functional. I 
suggest that, if you go into this field, you should employ such a 
dedicated person to ensure that the angioscopes are cleaned properly, 
cared for, and available when needed. It is very disheartening to see 
an $8000 angioscope broken by someone who is not familiar with the 
equipment. In general, we have not replaced completion angiography 
with angioscopy. In selected cases we rely on the angioscopic findings 
and have not done completion angiography, ie, in the patient with a 
high creatinine concentration or renal failure. We have not used the 
angioscope for venous thrombectomy, primarily because we do not 
perform venous thrombectomy. It is an intriguing idea. To my recol- 
lection, we have not used the angioscope in conjunction with thrombo- 
lytic therapy. We have used very small angioscopes percutaneously 
in conjunction with coronary work. We have done peripheral vascular 
angioscopy percutaneously. Dr Bernstein, we have used angioscopes 
with lasers and with percutaneous transluminal angioplasty as well. 
Percutaneous coronary angioscopy is being investigated, although 
the authors, with the exception of Drs Grundfest and Segalowitz, 
have not been involved in that work. 
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Massive Splenomegaly 





Superior Results With a Combined Endovascular and Operative Approach 


Jonathan R. Hiatt, MD; Antoinette S. Gomes, MD; Herbert I. Machleder, MD 


@ Splenectomy for massive splenomegaly (drained splenic 
weight, >1000 g) has an uncommonly high morbidity and mortal- 
: ity because of technical challenges and problems of hemostasis. 

in a group of 10 patients with massive splenomegaly due to 
`i myeloproilferative disorders (average splenic weight, 4193 g), we 
- developed a management algorithm based on preoperative an- 


ne glographic embolization of the splenic artery. Average operating 


time was 1.7 hours (range, 1 to 2.5 hours). Average blood loss 
was 528 mL; six of the 10 patients had blood loss less than 
250 mi. There were four minor complications and one major 
complication (gastric. wicer requiring reoperation). There were no 
deaths in the perioperative period, and no patients required 
reoperation for hemorrhage. 

(Arch Surg. 1990;125:1363-1367) 


f the various indications for splenectomy, massive 

splenomegaly has the greatest morbidity and mortality. 
Technical problems may be formidable and often are com- 
pounded by the underlying disease processes causing spleno- 
megaly. Pancytopenia and immune compromise are common 
consequences both of the diseases and of their treatment. 

Operative hemostasis represents the greatest technical 
obstacle, for a number of reasons. First, the spleens may 
reach huge proportions, with consequent hypervascularity. 
Previous operations in the upper part of the abdomen and use 
of irradiation to control the infiltrative process causing 
splenomegaly compound these difficulties by producing ex- 

tensive adhesions between the splenic capsule, diaphragm, 
and parietes. Second, thrombocytopenia caused by hyper- 
splenism and medications aggravates the operative bleeding. 
Finally, these cases are relatively infrequent, even in centers 
with a busy hematology service, and the experience of the 
individual surgeon is therefore limited. 

During operation, early ligation of the splenic artery has 
been advocated as a useful maneuver to decrease blood loss. 
Endovascular radiologic techniques now permit angiographic 
occlusion of the blood supply to various organs, including the 
spleen. Splenic artery embolization without operation has 
been used to treat the hematologic effects of hypersplenism 
but does not relieve local symptoms associated with the huge 
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spleen itself and often leads to increased local pain and sys- 
temic toxic manifestations of the splenic infarction and necro- 
sis. In 1975, Smith et al’ reported the use of preoperative 
embolization to enable resection of a large hemangiopericy- 
toma in a patient who remains alive and well. In 1980, Hock- 
ing et al’ reported on our group” first experience with angio- 
graphic embolization of the splenic artery before splenectomy 
in a patient with polycythemia rubra vera and splenomegaly, 
Subsequent use of this approach led to the development of a 
treatment algorithm that forms the basis of this report. 


PATIENTS AND METHODS 
Patients 


Patients referred to us for splenectomy because of massive spleno- 
megaly (defined by drained splenic weight >1000 g) were treated 
with a protocol of preoperative angiographic embolization. Ten pa- 
tients were seen, one in 1978 (described previously’) and nine in the 
past 7 years. Seven were male and three were female, with an 
average age of 45.8 years (range, 21 to 71 years). Hematologic 
diseases included chronic myelogenous leukemia in seven patients, 
myelofibrosis in two, and polycythemia rubra vera in one. Nine 
patients were receiving antileukemic chemotherapy, including hy- 
droxyurea (seven patients), hydroxyurea plus busulfan (one), and 
prednisone (one). 

All patients had a large, palpable abdominal mass. The principal 
indications for splenectomy included splenic size, with chronic pain 
and inability to eat (five patients); rapid, acute splenic enlargement. 
(two patients); and before bone marrow transplantation, with the 
goals of removal of residual leukemic cells and correction of the 
hematologic disorders of hypersplenism (three patients) Eight pa- 
tients were anemic (hematocrit, <0.30). White blood cell count was 
normal in one patient, elevated (710.0 10°/L) in eight, and de- 
pressed (<4.0x10°/L) in one. Platelet count was normal in two 
patients, elevated (>450x107L) in two, and depressed 
(<100 x 10"L) in six. 

One patient was treated emergently because of rapid splenic en- 
largement, with angiographic embolization and operation accom- 
plished within 3 hours of surgical consultation. Operation was semi- 
elective in the remaining nine patients. Angiography and emboliza- 
tion were performed 1 day before operation in seven patients and on 
the day of surgery in two. 


Management Protocol 


In most instances, angiography was scheduled for the afternoon 
and operation the following morning. Patients were given nothing by 
mouth, an intravenous line was started, and blood was drawn for 
determination of complete blood cell count, platelet count, coagula- 
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Splenic Artery 





Embolization Coils 





Fig 1.—Left, Celiac artery injection shows a tortuous, elongated splenic artery supplying a markedly enlarged spleen. Right, 


Postembolization arteriogram shows the splenic artery occluded a few centimeters beyond its origin with Gianturco- 
Wallace coils and gelatin sponge. With splenic artery occlusion, there is now filling of the hepatic artery on the celiac artery 


injection. 


tion measures, and crossmatch, with additional studies as needed for 
individual patients. Except for the patient requiring emergency sple- 
nectomy, all patients received pneumococcal vaccine (Pneumovax; 
Merck Sharp & Dohme, West Point, Pa) 1 to 2 weeks before 
operation. 

Angiography.—The splenic artery was catheterized from a femo- 
ral approach with the use of a 5- or 6.5-F preformed catheter. A 
preliminary splenic or celiac arteriogram was obtained to visualize 
the size and course of the splenic artery and the location of its major 
branches (Figs 1, left, and 2, left), Subsequently, the catheter was 
advanced to the middle or distal portion of the splenic artery, and 
transcatheter embolization was performed. In nine patients, emboli- 
zation was accomplished by means of Gianturco-Wallace coils with 
interposed pledgets of gelatin sponge (Gelfoam; The Upjohn Co, 
Kalamazoo, Mich) (Fig 1, right). In one patient, a small amount of 
collagen (Avitene; Alcon Laboratories Inc, Fort Worth, Tex) was 
administered in addition to the coils and gelatin sponge. Detachable 
latex balloons were used alone for embolization in another patient 
(Fig 2, right). The embolization procedure was terminated when 
there was no forward flow in the splenic artery. Embolization was 
confined to the main splenic artery, and no attempt was made to 
occlude the intrasplenic branches. If the catheter could not be ad- 
vanced to a point distal to the takeoff of the pancreatic branches, care 
was taken during placement of the gelatin sponge pledgets to avoid 
particulate embolization of these vessels. 

Strict aseptic technique was used during the radiologic procedure. 
All patients were treated with systemic antibiotics administered 
immediately before the procedure and continuing into the pestopera- 
tive period. Eight patients received cefazolin sodium alone, one 
patient received vancomycin hydrochloride, and one received pipera- 
cillin sodium and ceftazidime. In two patients, the gelatin sponge 
particles were suspended in a cefazolin sodium solution (1 g in 50 mL 
of saline). In two patients, bupivacaine hydrochloride (5 mL) was 
injected intra-arterially into the splenic artery during the emboliza- 
tion procedure to decrease postembolization pain. Abdominal pain 
and tenderness over the spleen were the rule after splenic emboliza- 
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tion and were treated with parenteral analgesics. Low-grade fever 
also was a common response. 

Operative Approach. — All procedures were performed by a surgi- 
cal resident and one of us (J.R.H. or H.I.M.). A midline incision was 
used in five patients, and a left subcostal incision with extension into 
the right rectus sheath was used in five (Fig 3, left). The spleen was 
mobilized by dividing the posterior attachments, then lifted from the 
abdomen by the assistant so that the vessels could be controlled in 
continuity with individual ligatures and transfixion sutures (Fig 3, 
right). Splenic artery ligation proximal to the hilum of the spleen was 
neither needed nor attempted in any patient, A Silastic Jackson-Pratt 
drain was used in one patient and removed several days after 
operation. 


RESULTS 


Average anesthesia time was 2.5 hours (range, 1.7 to 3.5 
hours), and average operating time was 1.7 hours (range, 1 to 
2.5 hours). Average blood loss was 528 mL (range, 75 to 
2500 mL). Blood loss was less than 250 mL in seven patients. 
Two patients with previous upper abdominal operations had 
blood loss of 500 and 1200 mL, and one patient with myelofi- 
brosis who had received nine courses of splenic irradiation had 
blood loss of 2500 mL. 

Average size of the resected spleen was 5802 cm’ (range, 
2442 to 10 290 em’), and its average weight was 4198 g (range, 
1400 to 6275 g). Results of histologic examination were com- 
patible with the underlying hematologic process, showing 
various degrees of parenchymal infiltration by abnormal 
cells, stromal fibrosis, and extramedullary hematopoiesis. 
Infarction was not a feature, with parenchymal necrosis being 
seen in only one spleen. 

Overall blood transfusion requirement was 3.7 U (range, 0 
to 7 U) for the 10 patients. One patient required no transfu- 
sions, and one required preoperative blood transfusion only. 


Massive Spienomegaly — Hiatt et al 





Fig 2.—Left, Se'ective splenic artery injection shows an elongated, 
Right, Postembolization arteriogram shows occlusi 





Fig 3. 
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tion of the enlarged spleen 
of short gastric vessels and branches of the splenic artery and vein. 









dilated splenic artery supplying an enlarged spleen. 


ion of the splenic artery with detachable latex balloons (arrows). 





—Operative approach. Left, Choice of incision. Right, Mobiliza- 
from the abdomen allows individual ligature 
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Source n mti* 
Morgenstern 16 ND 
Goldstone's 34 ND 
Wobbes et ai” 49 ND 
Bickerstaff and Morris*® 47 ND 
Johnson and Deterling’? 36 6241f¢ 
Coon 51 >1000 
Present series 10 528 


*EBL indicates estimated blood loss; ND, not determined. 
tin patients with complications. 


The remaining eight patients received intraoperative and/or 
postoperative transfusions of blood (average, 3.75 U), and 
four of them received transfusions of platelets (average, 
14 U). 

There were no deaths in the perioperative period. Five 
patients had complications, three as a result of the operation 
and two as a result of the angiography. Angiographic compli- 
cations included a small groin hematoma that resolved spon- 
taneously in one patient and embolization of the tail of the 
pancreas in the patient who received an injection of collagen in 
addition to coils and gelatin sponge. At operation, the pancre- 
atic tail appeared dusky and was surrounded by a small zone 


<, of fat necrosis. The patient developed mild hyperamylasemia 


(twice the normal serum amylase level), which resolved with- 
out sequelae. Pneumonitis was a minor postoperative compli- 
`= cation in two patients. The single major complication was a 
bleeding gastric ulcer 2 weeks after splenectomy and 1 week 
_ after discharge, which required reoperation for control. The 

ulcer was located on the proximal greater curvature on the 
luminal side of a suture-ligated short gastric vessel. 

Average hospital stay was 12.3 days (range, 8 to 24 days). 
Average postoperative stay was 9.4 days (range, 5 to 21 
_ days). Three patients died within 3 months of operation with 

“accelerated progression of their hematologic malignant neo- 

plasms. Two patients who received successful bone marrow 
transplants after splenectomy and the remaining five patients 
` were in stable condition at 6 months to 1 year of follow-up. 


COMMENT 


Transcatheter embolization is an effective technique to 
produce occlusion of the splenic artery and has been used in 
the treatment of various pathologie processes, including 
` splenic artery aneurysms’ and hypersplenism due to portal 
hypertension or blood dyscrasias. Complete splenic emboliza- 
tion for treatment of hypersplenism was first described by 
_ Maddison.* Subsequent reports of total ablation of splenic 

blood flow by embolization techniques described a high mor- 
_ bidity due to splenic abscess, pancreatitis, pneumonia, and 
_ septicemia." Grave complications, such as splenic rupture,’ 
limited the application of total embolization therapy. Spigos 
“et al” and Owman et al” demonstrated that the complication 
-Yates could be reduced significantly when partial embolization 
_ Was performed and accompanied by use of prophylactic anti- 
-< bioties and meticulous pre-embolization and postembolization 
-+ care. Current recommendations for embolization therapy in 
the treatment of hypersplenism call for partial arterial occlu- 
sion, stopping when roughly two thirds of the spleen is 
ablated." Partial embolization allows persistence of a portion 
of viable spleen and preservation of some splenic function. 
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A variety of agents have been used to occlude the splenic 
artery. Coils and balloons cause occlusion of the main trunk of 
the vessel. Changes in the splenic parenchyma are minimal, 
since distal collateral circulation is usually maintained. If it is 
the intent to leave the spleen in place after embolization and 
parenchymal ablation is desired, the splenic artery may be 
occluded proximally, distally, or at the level of the hilum. 
Intrasplenic branch occlusion also produces ablation but has 
been found to be associated with longer persistence of minor 
complications." It is best to avoid embolization of the pancre- 
atic arterial branches with small particulate agents, such as 
gelatin sponge or polyvinyl alcohol sponge granules that 
reach the capillary level (Ivalon; Unipoint Industries, High 
Point, NC), as this may produce pancreatic necrosis. Emboli- 
zation of the distal branches of the short gastric arteries is 
tolerated well as long as the collateral circulation has not been 
compromised by previous gastric operation.“ 

Morgenstern” described the fundamental principles of op- 
erative therapy and perioperative treatment of patients re- 
quiring splenectomy for myeloid metaplasia in an era preced- 
ing development of endovascular radiologic techniques. 
Review of reported experiences (Table) shows that the 
morbidity and mortality are substantial. The usual indica- 
tions for splenectomy are splenic size and cytopenias, and 
because most of the diseases are characterized by short sur- 
vival, the operations are appropriately regarded as palliative. 
Technical problems, particularly postoperative hemorrhage, 
and operative mortality are features of virtually every series. 

Control of bleeding is the greatest technical challenge, and 
the traditional approach has been to ligate the splenic artery 
in the lesser sac before mobilizing the spleen. Without arterial 
occlusion, the massive spleen bleeds severely even from cap- 
sular tears that would be relatively innocuous in patients with 
smaller spleens and normal hematologic values. However, 
splenic artery ligation is often a difficult maneuver in these 
patients, hindered by typical engorgement of the artery and 
by bleeding from the peripancreatic tissues. Recognizing 
these limitations of conventional therapy, we have developed 
a management protocol based on preoperative angiographic 
embolization of the splenic artery. 

Using this protocol, we report herein the treatment of 10 
patients with massive splenomegaly demonstrating low 
transfusion requirements, short operation times, no reopera- 
tions for bleeding, and no operative mortality. Technical facil- 
ity of the operation after angiographic embolization has been 
particularly striking, converting the procedure from a stress- 
ful challenge for senior surgeons to a pleasant teaching expe- 
rience that may be shared with a surgical resident. The 
overall complication rate remains significant, in part a func- 
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tion of the underlying diseases and in part a reflection that 
this is a major operative procedure. 

Several aspects of this approach deserve emphasis. A man- 
agement team is needed, including the hematologist, the 
surgeon, and an experienced interventional radiologist. At 
angiography, the splenic artery may be occluded at any point, 
but care should be taken to avoid embolization of pancreatic 
vessels with small particles. Prophylactic antibiotics should 
be used, and adequate analgesia after the embolization proce- 
dure is important to minimize splinting and pulmonary com- 
plications. Finally, the operation should be performed soon 
after embclization, at most 24 hours, to minimize discomfort 
to the patient and the risk of infection of the ischemic spleen. 
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Discussion 


LEON MORGENSTERN, MD, Los Angeles, Calif: The authors’ ap- 
proach has been useful and successful in their hands. Nevertheless, I 
disagree and definitely recommend against routine splenic artery 
embolization before removal of the massively enlarged spleen. In my 
own experience with mary such spleens with diverse abnormalities, I 
have rarely found it difficult to do a preliminary ligation of the splenic 
artery, which accomplishes exactly the same objective with less risk, 
less apprehension, less pain, less labor, and less cost. 

Massive splenic enlargement practically delivers the large serpen- 
tine splenic artery to the midoperative field, where, after opening of 
the lesser sac, it can be safely and easily encircled with a vessel loop or 
doubly tied. Within 16 minutes, there is a 10% to 15% reduction in 
splenic-volume, which not only facilitates mobilization, but also deliv- 
ers an immediate autotransfusion. During this period we proceed 
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along the greater curvature vith serial double ligation of the gastro- 
epiploic branches and the vas \ brevia. I think it is easier to deliver the 
massive spleen atraumatical. * than it is to mobilize the small spleen, 
hidden in the recesses of thé left upper quadrant. Where, then, are 
the risks of catastrophic bleeding in the removal of these splenic 
behemoths? There really should be none. 

When does major bleeding occur? It occurs if the fragile main 
splenic veins are approached anteriorly; if the highest vasa brevia, 
usually very engorged, are torn during delivery of the upper pole; if 
bleeding from preventable capsular avulsions are not controlled by 
topical hemostasis; and if there are dense vascular adhesions to the 
parietal peritoneum, secondary to infarct, neoplastic infiltration, or 
radiation. There are maneuvers to deal with each of these exigencies, 
In my opinion, previous arterial embolization obviates none of these 
difficulties. 

What difficulties does embolization add? These patients frequently 
have coagulation problems. Why invite another one with the femoral 
artery at the groin? Why risk ischemic damage to the distal pancreas? 
Why add the painful experience of splenic infarction or partial infarc- 
tion, a preoperative prelude that is hardly conducive to a calm preop- 
erative experience. What if there is unforeseen delay in the operative 
procedure, with the ischemic spleen in situ, subject, to all the ills that 
such “flesh is heir to”? And, finally, why add additional cost and 
complexity to the procedure, at an estimated level of $1000 to 1500? 

Nevertheless, there is a place for selective preoperative emboliza- 
tion —when it can be specifically predicted that splenic artery ligation 
will be difficult or impossible. Included here are portal hypertension, 
previous gastric or pancreatic surgery, previous pancreatitis, or 
known infiltration of the periarterial tissues. In such instances, previ- 
ous embolization is useful. I, however, would prefer to have it done 
closer to the operative period, rather than on the day before. My own 
experience belies the necessity of this approach routinely. 

THEODORE X. O’CONNELL, MD, Los Angeles, Calif: In the major- 
ity of cases with massive splenomegaly, it is rather an easy operation. 
The massive spleen is delivered outside the wound with a long vascu- 
lar radicle. In a small minority of patients who have had previous 
radiation, operation, etc, there are a lot of vascular adhesions and the 
spleen is stuck to the diaphragm and is hard to deliver. Therefore, the 
major difficulty is one of adequate exposure. The authors’ average 
blood loss is acceptable. Between mean or the median vs the range, 
there is a significant difference. Three patients had severe bleeding, 
up to 2500 mL; all of these were those who had difficult splenomega- 
lies. It does not appear that splenic artery embolization made a 
difference in those very patients in whom we want it to make a 
difference. 

MAX R. GASPAR, MD, Long Beach, Calif: To prevent some of the. 
problems with embolization, would it not be better to put a balloon 
catheter in percutaneously on the morning of the operation te control 
the splenic artery? I have done that, and it works very well. oe 

DR HIATT: Dr Morgenstern, your technique reflects the highest — 
standard that may be achieved. We have presented a series represen- 
tative of current practice. After splenic artery embolization, opera- .. 
tive bleeding is reduced dramatically compared with that in reported 
series. Ligation of the large, fragile splenic artery, with a definite risk 
of injury to the pancreas, is a dangerous maneuver that may be 
avoided. 

Addition of the embolization procedure to the care of very ill and 
immunosuppressed patients does represent an intervention with its 
own morbidity and cost. The splenectomy itself is palliative and - 
rarely has long-term influence on the underlying hematologic dis- 
ease. However, the patients are reaching the surgeon at more ad- 
vanced stages of disease, often after treatment with radiation and 
chemotherapy, with ever-greater operative risk. Therefore, any 
means to reduce operative complications seems to offer a clear-cut : 
advantage. An experienced interventional radiologist is a crucial 
member of the team. As these techniques become more widespread, 
costs may decline. 

Dr O'Connell, our largest blood loss is lower than the median or 
mean losses in reported series. With embolization, blood loss is 
diminished significantly even for the difficult cases with postopera- 
tive adhesions or irradiation. 

Dr Gaspar, the radiologic procedure can be done on the day of 
operation, and the occlusion balloons may be used, but we have found 
that the infarction process decreases the vascularity of the adhesions 
and allows the platelet count to rise during the night before the 
operation. 
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Its called talking. If your older patients don’t 
asx you about the prescriptions they've been 
given, make it a point to tell them what they 
need to know. Make sure they know the 
medicine’s name, how and when to take it, 
precautions, and possible side effects. En- 
courage them to write down the information and 
ask you questions about things they don’t 
understand. 

You'll also want to take a complete medica- 
tions history including both prescription and 
no.-prescription medicines. The history can 
alert you to the potential for drug interactions 
and help you simplify their regimen. 

Re-introduce the oldest advance in 
medicines. Make talking a crucial part of your 
practice. Because good, clear communication 
about medicines isn't a thing of the past. It’s the 
war to a healthier future. 


Before they take it 
talk about it. 


M © National Council on 
A K Patient Information and Education. 


666 Eleventh St. NW. Suite 810 
Washington, D.C. 20001 
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The Recalcitrant Perineal Wound 
After Rectal Extirpation 


Applications of Muscle Flap Closure 


James.P. Anthony, MD, Stephen J. Mathes, MD 


© Perineal wounds developing after abdominoperineal resec- 
“tion. result in chronic purulent drainage and intermittent epi- 
:: sodes of sepsis and are generally unresponsive to conservative 
medical and surgical treatment. Thirteen consecutive patients 
(aged 27 to 74 years; mean, 48 years) who underwent débride- 
ment and immediate muscle flap closure of these wounds were 
analyzed to identify risk factors for delayed healing and to evalu- 
ate the effectiveness of muscle flap coverage. Three risk factors 
were identified: preoperative or postoperative radiation therapy, 
resection for recurrent carcinoma, and inflammatory bowel dis- 
ease. A total of 19 muscle flaps (11 gracilis, five gluteal thigh, two 
gluteus maximus, and one rectus abdominis) were used to close 
these wounds. During an average 3.5-year follow-up, four (31%) 
minor complications and one (8%) recurrence were noted to 
occur. Muscle flaps provide safe, effective, single-stage proce- 
dures for the closure of chronic perineal wounds. 
(Arch Surg. 1990;125:1371-1377) 


D elayed healing of the perineum after proctectomy occurs 
in 7% to 40% of patients.” Half of these open perineal 
|oo wounds. fail to close within 6 months and up to a quarter 
- remain open at 1 year.’ These recalcitrant wounds, which 
- occur most frequentiy in patients treated for rectal inflamma- 
tory bowel disease er carcinoma, are the most common late 
complication after proctectomy.' Chronic perineal wounds 
may persist for years, causing considerable morbidity. For 
-many patients, the wounds are so painful that sitting is impos- 
sible. In addition, these wounds require daily care and their 
drainage is a source of annoyance and embarrassment. Final- 
ly, these wounds piace patients at increased risk of local 
infection or systemie sepsis. 
Once a perineal wound has become chronic, local wound 
- care (including sitz oaths and frequent dressing changes) is 
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seldom successful, and further surgery is usually required.” 
Surgical procedures advocated for these wounds include dé- 
bridement and curettage,’ excision and primary closure,’ and 
serial débridement with skin grafting.’ These methods all 
require multiple procedures and a prolonged treatment peri- 
od and are often unsuccessful, especially in the presence of 
radiation injury." Wide unroofing (marsupialization) of 
the sinus via coccygectomy may be effective, but healing can 
take up to 2 years.’ 

The development of the muscle flap has provided an alter- 
native treatment for problem wounds.” Wound débridement 
with immediate muscle flap closure has proved to be success- 
ful in the treatment of other chronic infected wounds, includ- 
ing osteomyelitis,“ pressure sores,” and postoperative ster- 
nal infections.” Based on a review of patients treated for 
recalcitrant wounds of the perineum after proctectomy, we 
will (1) identify risk factors for delayed perineal wound heal- 
ing, (2) analyze the effectiveness of muscle flap closure in the 
treatment of such wounds, and (3) propose treatment guide- 
lines to provide quick and reliable closure of these wounds. 


PATIENTS AND METHODS 


The records of 13 consecutive patients who underwent muscle flap 
closure of chronic postproctectomy perineal wounds from 1979 
through 1988 were reviewed. Chronic wounds were defined as those 
developing after primary perineal closure and persisting for more 
than 1 month despite local wound care. 

The patient group included nine men and four women with an 
average age of 48 years. Their wounds had been present for an 
average of 42 months and averaged 44 em’ after operative débride- 


ment. Nine patients had undergone a total of 18 unsuccessful opera- ` : 


tions before the muscle flap procedure. These failed operations in- 
cluded débridement and curettage (14 operations in seven patients), 
débridement with primary closure (three operations in three pa- 
tients), and débridement with partial coceygectomy (one patient). 

At the time of the muscle flap procedure, patients underwent wide 
débridement of infected, nonviable, or fibrotic tissue, including any 
bone exposed in the wound. Débridement was followed by immediate 
muscle flap coverage using gracilis, gluteus maximus, inferior gluteal 
thigh, or rectus abdominis flaps. One patient with a perineal small- 
bowel fistula due to inflammatory bowel disease underwent débride- 
ment via combined abdominoperineal (AP) approach with immediate 
muscle flap closure. One patient who had previously received 500 Gy 
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Table 1.—Wound Characteristics, Treatment Method, and Outcome in Patients With Recalcitrant Perineal Wounds 


Mean Wound Characteristics 





Risk Size, Duration, Prior 
Category cm? mo Procedures 
Radiation 30 1.2 
injury (n= 6) 





Gracilis (4); gluteal thigh (5); gluteus maximus 
(1); rectus abdominis (1) 


Outcome 





No. (%) of Minor 
Complications 


1 (17) 


No. (%) of 
Recurrences 


1 (17) 


Muscle Flap (No.) 








Recurrent 1.0 
carcinoma (n= 2) 


Gracilis (3) 





inflammatory 
bowel 
disease (n= 5) 


Gracilis (4); gluteus maximus (1) 





Total 


Gracilis (11); gluteal thigh (5); gluteus 


maximus (2); rectus abdominis (1) 


of perineal irradiation underwent immediate muscle flap closure at 
the time of AP resection. The remaining patients underwent débride- 
ment and muscle flap closure after they developed chronic perineal 
wounds. 

Follow-up evaluations were performed during subsequent clinic 
visits. At each visit, patients were asked whether they had experi- 
enced any perineal pain, and their wounds were examined for any 
recurrent drainage, 


RESULTS 


Patients who developed nonhealing perineal wounds after 
proctectomy can be divided into three risk groups: (1) preop- 
erative or postoperative radiation therapy for rectal carcino- 
ma (six patients), (2) resection for recurrent anal or rectal 
cancer (two patients), and (3) proctectomy for inflammatory 
bowel disease (five patients) (Table 1). One of the patients 
who underwent radiation therapy received preoperative 
therapy (15 Gy) and the other five received full-dose treat- 
ment (45 to 56 Gy) following AP resection. 

In all patients, muscle flap closure initially resulted in a 
healed wound (average time to healing, 21 days). Four pa- 
tients developed minor complications (three minor wound 


. Separations and one instance of prolonged drainage of ser- 


oma), which resolved with conservative management. There 
were no instances of flap loss or major complications requiring 
reoperation. The average duration of hospital stay was 14 
days. During an average follow-up period of 3.5 years, 12 
patients (92%) were asymptomatic without evidence of 
wound recurrence. One patient (8%) developed a late wound 
recurrence at 6 months. A combined AP approach was em- 
ployed, and a rectus abdominis muscle flap was used to close 
this wound. This patient remains healed and asymptomatic 4 
months postoperatively. One of the two patients with local 
carcinoma recurrence died of metastatic disease 8 months 
after muscle flap closure. All other patients were free of 
disease at the last follow-up visit. 


COMMENT 


We have identified three preoperative risk factors for the 
development of chronic perineal wounds after proctectomy: 
recurrent anal or rectal cancer, prior local radiation therapy, 
and inflammatory bowel disease. The increased risk of chron- 
ie perineal wounds in patients with recurrent anal or rectal 
cancer has not been previously reported, to our knowledge. 
The association of local radiation therapy and inflammatory 
bowel disease with increased risk of chronic perineal wounds 
is well known. 1,4-10,32, 1656 

Recurrent cancer, radiation therapy, and inflammatory 
bowel disease all lead to local fibrosis with diminished vascu- 
larity and impaired healing.’’* If perineal healing is suffi- 
ciently impaired by any of these conditions, a chronic wound 
will develop. Identification of patients at a high risk of im- 
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paired perineal healing enables the surgeon to better counsel 
such patients before surgery and to begin treatment prompt- 
ly should a chronic wound develop. 

For selected patients at risk of postoperative perineal 
wound breakdown (for example, patients with severe radia- 
tion injury or active perineal suppuration), careful consider- 
ation should be given to the use of a muscle flap closure 
immediately after completion of the rectal resection. In this 
series, immediate muscle coverage was used in one patient. 
Débridement with immediate muscle flap coverage is al- 
ready well established in the treatment of other chronic in- 
fected wounds, such as osteomyelitis, sternal infections,” and 
pressure sores." Immediate muscle or fasciocutaneous flap 
closure may be performed with minimal blood loss and with- 
out a change in the patient’s position after completion of the 
AP reseetion. 

In patients who develop chronic perineal wounds, nonoper- 
ative management, with a prolonged period of local wound 
care and oral antibiotic therapy, is generally unsuccessful. 
These patients require surgical treatment. However, proce- 
dures such as excision and primary closure or débridement 
with skin grafting are successful in less than half of pa- 
tients.™” The ineffectiveness of these medical and surgical 
treatments is underscored by the histories of our patients. 
They had undergone an average of 1.5 previous operations, 
and yet their wounds were still present after an average of 42 
months. 

In an effort to achieve more rapid and reliable closure of 
these recalcitrant wounds, a treatment approach has been 
developed that includes a thorough wound analysis, followed 
by wound débridement and immediate muscle flap closure. To 
plan our operative procedure better, chronic wounds are 
evaluated by physical examination, wound culture, and mag- 
netic resonance imaging, which is more helpful than sino- 
graphy in the delineation of the extent of these wounds. 
Contrast evaluation of the gastrointestinal tract is performed 
in patients with inflammatory bowel disease or in whom a 
small-bowel-perineal fistula is suspected. If active inflamma- 
tory bowel disease is present, it is controlled medically before 
surgery. In all patients, nutritional status is optimized, and 
culture-specific antibiotics are administered. 

Once the extent of the wound is known and the patient has 
been prepared for surgery, wound débridement is performed. 
Placement of a urethral catheter facilitates identification of 
the urethra during the perineal dissection. The injection of 
methylene blue into the perineal sinus allows determination 
of its extent. Biopsy specimens are submitted for examination 
to exclude recurrent carcinoma as the cause of the wound, 
With the use of a combination of sharp dissection and cautery, 
any infected, necrotic, or fibrotic tissue adjacent to the sinus 
is débrided. Near the peritoneal reflection, a curette is useful 
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Gracilis 


Fig 1.—Muscle flaps. recommended for 
perineal reconstruction. Arrows indicate 
dominant vascular pecicle. p indicates the 
medial femoral circurfiex vessels for the 
gracilis flap; the inferior gluteal vessels for 
the gluteal thigh flap; the superior and 
inferior gluteal vessels for the gluteus 
maximus flap; and the inferior epigastric 
vessels for the rectus akdominis flap. 
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*if combined abdominopetineal approach is used. 


to avoid entering the peritoneal cavity. If the coccyx is ex- 
posed by the débridement, it is removed. For exceptionally 
large wounds or those where a bowel fistula may exist, simul- 
taneous AP approaches may be required. 

When débridement is complete, the wound is irrigated and 
a muscle flap is selected that will safely reach the perineal 
defect when elevated as a flap. When transposed into the 
débrided wound, the muscle flap provides the bulk to fill the 
débridement cavity and obliterate dead space, while provid- 
ing well-vascularized tissue that is resistant to bacterial infec- 
tion.’ Muscle provides an improved blood supply for the 
| wound, increasing oxygen tension™™ and improving leuko- 
-cyte delivery and funeticn. ™™ 
-> -Only those muscles whose use will not produce functional 
~ impairment are used. The gracilis, gluteus maximus (inferior 
or superior half), glutea. thigh, and rectus abdominis muscle 
flaps are recommended for perineal reconstruction after 
wound débridement (Fig 1). When these muscles are used for 
muscle flaps, adjacent synergistic muscles preserve function. 

The flap of choice depends on three factors: the muscle flaps 
available, the size of the wound, and the amount of skin 
required for closure: ‘Table 2). Muscle flap availability is 
dependent on the patients position during surgery, the status 
of each muscle’s vascular pedicle, and the surgical approach to 
the wound (Fig 2). Dissection of the rectus abdominis must be 
_ done with the patient in the lithotomy position, while the 
- gluteus maximus is accessible with the patient in the prone 
position only; the gracilis and gluteal thigh flaps may be 
_ dissected with the patient in either position. If a muscele’s 
vascular supply has been interrupted (by either previous 
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Table 2.—Muscle Flap Selection for Perineal Wounds 
Immediate Coverage 
: ty 





Chronic Wounds 
Small Large Combined 
Relative Skin Skin Abdominoperineal Perineal 
ms Preference Defect Defect Approach Approach Only 
1 Gracilis Gluteal thigh Rectus abdominis Gluteal thigh 
2 Gluteus maximus Rectus abdominis* Gluteal thigh Gracilis 
3 PE Gluteus maximus Gracilis baw 






Rectus Abdominis 


®@ Gracilis 
\ e Gluteus Maximus 
ə Gluteal Thigh 








Fig 2.— Illustration of muscle flaps available depending on the surgical 
approach to the perineal wound. 


surgery or the débridement) the muscle cannot be used. 
Finally, the surgical approach to the perineal wound may limit 
the flaps available for use. For example, the rectus abdominis 
transposition to the perineum is preferable via the peritoneal 
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Fig 3.—Reconstruction of chronic perineal wound with muscle flap. 
Top left, Patient 2 years after proctocolectomy for granulomatous 
Colitis; wound extends into pelvic hollow. Top right, Gracilis muscle is 
elevated from the medial thigh and is ready for transposition into the 
Site of débricement of the chronic perineal wound. Middle left, Gracilis 
muscle is transposed into the pelvic wound via a tunnel from the medial 
thigh and is ready to be inset into pelvis. Middle right, With leg 
adducted, muscle reaches retroperitoneum (note suction catheters 
placed adjacent to inset muscle flap). g indicates proximal muscle 
belly. Bottora, Appearance 6 months postoperatively demonstrates 
Stable wound coverage without further drainage. The patient has 
resumed normal activities. 








cavity and should be used only after a combined AP approach. 

The gracilis muscle flap is the flap of choice" for most 
chronic perineal wounds (Fig 3). Although it is possible to 
include skin in a gracilis flap, *” most perineal wounds are not 
associated with skin deficiency. Furthermore, the inclusion of 
a skin island limits the degree to which the muscle can be 
rotated into the proximal retroperitoneal wound. For larger 
defects within the sacral hollow, both gracilis muscles may be 
used. Wounds that require skin coverage (ie, those in patients 
who have undergone preoperative or postoperative radiation 
therapy for rectal carcinoma and thus exhibit irradiated peri- 
neum with skin deficiency) may be closed with use of the 
gluteus maximus with a skin island.”” Because of its dual 
circulation, it is possible to split the muscle and use either the 
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inferior or superior half as a flap, leaving the remaining half 
intact tc preserve function. The gluteal thigh flap, based on 
the descending branch of the inferior gluteal artery, ean cover 
larger perineal defects” (Fig 4). Its primary use is in wounds 
with extensive skin defects (wounds that require immediate 
reconstruction or large radiation wounds). When primary or 
delayed perineal reconstruction is performed with the com- 
bined AP approach, the rectus abdominis muscle flap is rec- 
ommenced.” By incising the rectus sheath, the rectus abdo- 
minis muscle can be elevated via the same midline incision 
used to perform the AP resection. While the rectus abdominis 
can be tanneled subcutaneously, it covers a larger area when 
brought through the abdominal cavity into the perineal 
wound. Once the muscle has been inset into the débrided 
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wound, the anterior rectus sheath is closed. While it is possi- 
ble to develop a hernia at the site of rectus removal, careful 
closure of the anterior rectus sheath will minimize this compli- 
cation. When the rectus has been transposed superiorly for 
breast. reconstruction. the incidence of abdominal hernia is 
2.1%." 

Although the omenturn has been used to successfully cover 
a variety of infected wounds,” its use in perineal reconstruc- 
tion is limited. The omentum is frequently either resected or 
placed in the pelvic inlet during the initial proctocolectomy. 
Access to the omentum requires celiotomy, and the omentum 
provides no skin coveraze. The muscle flaps recommended 
have no such limitations and are preferred for closure of 
chronic wounds. 

Once the muscle is inset into the wound, it is sutured into 
the débrided wound bed with the use absorbable sutures. 
Suction drains are plaeed in both the donor muscle site and the 
perineal wound. Culture-specific antibiotic therapy is admin- 
istered for an average of 7 days with patients maintained at 
bedrest. Recovery is generally rapid, with patients dis- 
charged 7 to 14 days after surgery. Minor complications, such 
as small amounts of drainage or minor wound dehiscences, are 
treated censervatively w-th local wound care. 
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Fig 4.—Immediate perineal reconstruction. Top left, Recurrent rectal 
carcinoma following primary radiation therapy. Lithotomy position 
allows abdominoperineal resection with simultaneous perineal recon- 
struction. Top right, Bilateral gluteal thigh flap is elevated and ready to 
be inset into the perineal defect. a indicates deepithelialized portion of 
flap, which will fill the pelvic defect; b, skin island portion of the flap, 
which will reconstruct the skin defect. Bottom, Appearance 6 months 
postoperatively demonstrates stable coverage of the perineum and 
field of prior radiation therapy. 








Utilization of débridement and muscle flap closure enables 
successful treatment of recalcitrant perineal wounds by a 
single procedure in 12 (92%) of 13 patients. The single perineal 
wound recurrence (in a patient with an extensive radionecro- 
tie wound) has been successfully managed with repeated 
débridement and an additional muscle flap. Presently, all 
patients in our series have healed perineal wounds. The aver- 
age time tc healing (21 days) is less than reported with any 
other method of closure of chronic perineal wounds. 


CONCLUSION 


Prior perineal radiation, recurrent anal or rectal carcino- 
ma, and inflammatory bowel disease each increase a patient’s 
risk of chrenic perineal wound development after proctec- 
tomy. For the majority of at-risk patients, careful follow-up is 
all that is required. For patients who develop chronic perineal 
wounds, débridement and muscle flap coverage will provide 
the most effective and expeditious treatment. Patients with 
severe skin injury secondary to radiation exposure or active 
perineal suppuration are especially likely to develop chronic 
perineal wounds after proctectomy. For such patients, imme- 
diate muscle flap closure at the time of proctectomy should be 
considered. 
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Discussion 


GEORGE A. HIGGINS, MD, Santa Barbara, Calif: With closer atten- 
` tion to patients’ preoperative nutritional status and with proper 
antibiotic coverage, primary closure of the perineal incision is suc- 
cessful in almost all instances, even when the procedure is done for 
inflammatory bowel disease. Nevertheless, when healing has been 
impaired by radiation therapy or when large areas of perineum must 
be excised because of local recurrence, the closure techniques de- 
scribed are extremely useful. Dr Mathes is one of the pioneers in the 
use of muscle and musculocutaneous flaps, and these comparatively 
new techniques have been a great advance in difficult wound closure 
situations. One of the founding members of this society, Dr Samuel 
Robinson of Santa Barbara, first described the muscle flap procedure 
using the latissimus dorsi muscle for closure of chronic empyema 
cavities in 1916. Dr Robinson trained in Boston and was the first 
thoracic surgeon at the Mayo Clinic before moving to California 
shortly after World War I. He colorfully described the chronic open 
thoracic wound as “that patriarch of the surgical scrap heap,” and the 
same might be applied to the nonhealing perineal wound for which 
Drs Mathes and Anthony have given us this most satisfactory 
solution. 

ANTHONY SHAW, MD, Pasadena, Calif: This problem will likely be 
seen less frequently due to the use of continence-preserving proce- 
dures, which at the same time obliterate the possible perineal wound 
complication. The problem may continue, of course, in patients with 
Crohn's disease, which seems to be becoming more common as ulcer- 
ative colitis becomes less common. 

In the 1970s, I performed a resection in a young girl who had toxic 
megacolon, and she subsequently had a chronic perineal sinus, which 
resisted all efforts to heal it, including coceygectomy, removal of the 
`. lower two sacral segments, marsupialization, etc. Because this pa- 
tient’s chronic cavity was large, we split the gluteus maximus in the 
direction of its fibers distally down toward the thigh, divided the 
= medial portion distally, and rotated it up into this defect, filling the 

defect with a bulky muscle pedicled on the inferior gluteal vessels. 

Have the authors performed dissection up the the gracilis muscle, 
found that it was really inadequate, ie, that it had a slim tendon, and 
then had to do something else? 

We described this operation in Surgery, Gynecology and Obstetrics 
in 1978. Since then, Dr Jurkiewicz, chairman of plastic surgery at 
Emory University, has reported half a dozen or so cases where he 

employed this technique, using the medial portion of the gluteus 
maximus where the gracilis muscle failed to cure the chronic perineal 
sinus. 

ALAN MORGAN, MD, Seattle, Wash: Surgeons who excise the 
rectum and anus have all been faced with this complication and will be 
faced with more such complications the more they deal with Crohn’s 
disease. 
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I do think delayed healing may be achieved within 2 years. I would 
not give up and label the wound persistent; I prefer the word “recalci- 
trant.” Steroid therapy may be discontinued, patients may put on 
some weight, and the surgeon can try many little tricks to achieve 
that final bit of healing: curettage may be performed to remove hair or 
irrigation with nitrogen mustard may also help a great deal. The real 
effort by surgeons, however, should be directed toward the achieve- 
ment of primary healing. The patient must be in the optimum nutri- 
tional state with anemia corrected at the time of surgery; steroid 
therapy does not seem to be a factor here. 

The surgeon must slow down, pay attention to detail, and get that 
closure just right at the end of the operation. There must be no 
mucosa left, and sphincters should be excised because saving muscles 
here does not really help. In Crohn’s disease, it is best that muscles be 
excised. The suture should be soft as silk. The drains must be effec- 
tive. Large closed wound suction drainage systems (Hemovacs) are 
best, and the surgeon should use two in case one of them becomes 
blocked. We must ask our nurses to prevent the skin from getting 
soggy during the postoperative period. 

I wouid think that during the next couple of years, the authors’ 
eases are going to double in number! 

ERIC W. FONKALSRUD, MD, Los Angeles, Calif: During the past 
several vears, as the endorectal ileal pull-through procedure has 
become more prominent as a method of treating patients with ulcer- 
ative coltis, we have observed that filling the perineal space with 
another portion of the intestine (the ileum) has tended to obliterate 
the pelvic space. Therefore, these patients who would ordinarily be 
subjected to a high risk of chronic perineal sinuses actually have a 
very low incidence of this complication. 

Because of the high likelihood of a chronic perineal sinus developing 
after standard proctecolectomy in patients with inflammatory bowel 
disease, rather than use perineal drainage from below, we have 
changed the technique to closure of the perineal muscle, subcutane- 
ous tissues, and skin from below with pelvic drainage for 4 or 5 days 
through the abdomen. We have subsequently observed a marked 
decrease in the incidence of chronic perineal wound sinuses. The 
problem:appears to be in large part due to the pelvic space that needs 
to be filled, accentuated by the local inflammation associated with 
inflammatory bowel disease. We continue to use pelvic drainage from 
above in-patients who do not undergo a pull-through procedure. 

Dr Mathes, have any of your patients had drainage from above or 
has drainage been performed from below in all cases? 

DR MATHES: Dr Higgins, surgeons must pay attention te the 
nutritional status of both the patient undergoing perineal resection 
and the patient who has a chronic perineal wound. In both instances, 
nutritional emphasis may well let these wounds heal without surgical 
intervertion. 
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Dr Shaw, in 1978 you described use of the gluteus maximus muscle 
for closure of'a chronic perinzal wound. I would stress that the gluteus 
maximus is a substantial muscle that is functionally important in the 
maintenance of hip stakility. As you suggested in your article, the 

. muscle may be split using only half of it as a flap. Because this muscle 
has dual circulation, the superior and inferior gluteal arteries, it can 
- be split, leaving half of it intact and without vascular injury. For the 
perineal region, usually the superior halfis left intact, andthe inferior 
half is rotated as a flap. The inferior half based on the inferior gluteal 
vascular pedicle reaches quite nicely into the perineal wound after 
release of its fibers of insertion. 

The gracilis muscle is siriy small, although it is generally adequate 
for reconstruction of most perineal wounds. Once you elevat: the 
muscle and tunnel it directly from the medial thigh into the perineal 
wound, you have increased its are of rotation into the presacral 
defect. Furthermore, when you adduct a patient’s leg after initil flap 
elevation in the lithotomy position, the muscle will reach all thi way 

- up to the perineal reflection without excessive tension on its vat cular 
pedicle, 

In the standard chronic perineal wound, there is usually a very 
small skin defect, so you do not really need a skin island wit 1 the 
muscle, It is probably a mistake to try to use a skin island wit 1 the 
gracilis muscle to avoid limiting its ability to turn into the ‘acral 
hollow where the muscle flap is necessary. 

Both medial thighs are prepared so that we are able to us? the 





bilateral gracilis muscle flaps if we believe that one gracilis muscle is 
not adequately filling the site of wound débridement. 

Dr Morgan, your emphasis on careful wound closure at the time of 
total colectomy will generally prevent the chronic perineal wound in 
the first place. In our experience, if the wound is not healed by 6 
months, it is time to consider a secondary procedure, such as débride- 
ment and muscle flap closure. A small-bowel follow-through proce- 
dure is performed to ensure the absence of concurrent small-bowel 
disease. This may require treatment before attempts at closure of the 
perineal wound. 

Some of our patients had recurrent cancer. We do not hesitate to 
perform a biopsy before we perform a wound closure to make sure the 
patient does not have recurrent tumor. 

Dr Fonkalsrud, drainage through the peritoneal cavity may be 
better to obtain a healed wound at the time of AP resection. In the 
majority of our patients, we utilize the perineal approach and are 
careful to ensure closed-suction drainage to help approximate the 
muscle to the sacral wall. 

In the patient in whom primary radiation therapy for rectal carci- 
noma has failed, there is a very high risk for the development of a 
chronic perineal wound. In such patients, we advocate a combined 
approach— AP resection and muscle flap closure. In such cases, we 
prefer to use the rectus abdominus muscle with the peritoneal 
approach. 


Hypertensive Black Men and Women: Quality of Life and Effects of Antihypertensive 


Medications 


Sydney H. Croog, PhD; B. Waine Kong, PhD: Sol Levine, PhD; Matthew R. Weir, MD; Robert M. Baume, 
PhD; Elijah Saunders, MD; the Black Hypertension Quality of Life Multicenter Trial Group 


A multicenter, randomized double-blind clinical trial was conducted among 306 black men and women with 
mild to moderate hypertension to determine effects of atenolol, captopril, and verapamil SR on measures of 
quality of life. Patients were randomly assigned to a stable or forced-dose titration sequence. After an 8- 
week treatment period, the rate of withdrawal from treatment because of adverse effects was low and did 
not differ by drug treatment group or titration level. Patients taking verapamil SR showed a significantly 
greater reduction in mean blocd pressures than patients treated with atenolol or captopril. Along with 
absence of worsening on any quality of life total scale scores examined over the treatment period, we found 
either improvement or no change in the total scale scores for all three treatment groups. Among both male 
and female patients, comparisons between drug treatment groups showed no differences in degree of change 
on the total seale scores. In comparisons within each treatment group, improvement in scores of male 
patients after 8 weeks appeared among those taking atenolol in general well-being and physical symptoms 
reduction; emong male patients taking captopril in general well-being, physical symptoms, and sexual 
performence; and among male patients receiving verapamil SR in scores in irritability, sleep, and the Digit 
Span test. Improvement in scores among female patients taking atenolol was found in scores on general well- 
being, physical symptoms, and sleep; among women taking captopril on general well-being, physical 
symptoms, and irritability; and among women taking verapamil SR on general well-being. Patients in all 
treatment groups improved on measures of visuomotor functioning. The research shows that with the three 
newer generation antihypertensive medications studied, blood pressure control was achieved during the 
treatmert period without negative effects on quality of life scales, along with findings of improvement on 
seme measures. Given the special clinical features of hypertension in black patients, the study underlines as 
well the potential and utility of systematic tracking of measures of quality of life, while monitoring blood 
pressuresin this patient population (Arck Intern Med. 1990;150:1733-1741). 

Reprint: recuests to the Department of Behavioral Sciences and Community Health, University of Connecticut Health 


Center, Farmington, CT 06032 (Dr Croog). 
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Fibrin Glue Inhibits Intra-abdominal 


Adhesion Formation 


Christian de Virgilio, MD; Terry Dubrow, MD; Barry B. Sheppard, MD; William D. MacDonald, MD; 


Ronald J. Nelson, MD; Malcolm A. Lesavoy, MD; John M. Robertson, MD 


è To determine the effect of fibrin glue on intra-abdominal 
adhesion formation, 45 rats were randomized to three groups. 
Each animal received two adhesion models. Group 1 received no 
further treatment. Groups 2 and 3 had the adhesion models 
covered with fibrinogen from fresh frozen plasma (1.77 g/L ) and 
cryoprecipitate (23.6 g/L), respectively. in group 1, 13 of 15 rats 
had high-grade adhesions in both models. In group 2, high-grade 
adhesions were noted in nine of 15 rats in model 1 and in 12 of 15 
rats In model 2. In group 3, however, high-grade adhesions were 
seen in only three of 15 rats in model 1, with 11 rats having no 
adhesions, and in only two of 15 rats in model 2. Histologic 
analysis suggested accelerated healing In group 3. We conclude 
that (1) fibrin glue inhibits intra-abdominal adhesion formation in 
rats, (2) the Inhibitory action is dependent on the fibrinogen 
concentration of the fibrin glue, and (3) adhesions are reduced by 
fibrin glue regardless of whether the peritoneal defect is closed. 

(Arch Surg. 1990;125:1378-1382) 


he use of fibrin glue (FG) in surgery to seal vascular 

anastomoses and prostheses and to control local bleeding 
is increasing.’ Recently, FG was used in hepatic and splenic 
trauma to control hemorrhage.’ It is particularly useful in 
patients with coagulation or platelet disorders, since FG does 
not depend on adequate platelet or clotting factor levels or 
function.” 

Fibrin glue is made by mixing a source of highly concentrat- 
ed fibrinogen with thrombin, calcium, and factor XIII. The 
source of fibrinogen can be from either lyophilized pooled 
concentrated human fibrinogen (Tisseel Kit, Immuno AG, 
Vienna, Austria) or single donor human cryoprecipitate. The 
thrombin is generally of bovine origin. This fibrin glue disper- 
sion system is not yet approved in the United States for 
general clinical use because of the concerns of it being a pooled 
blood product. 

Previous studies have suggested that FG may decrease 
intra-abdominal adhesion formation, although the mechanism 
is not known.** These studies have all used the lyophilized 
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pooled fibrinogen. In this study, FG prepared from cryopreci- 
pitate was used to test its effect on intra-abdominal adhesion 
formation in rats with the use of two different adhesion mod- 
els. Furthermore, two different concentrations of fibrinogen 
were used to see if any inhibition was concentration depen- 
dent. Finally, histologic analysis was performed to compare 
wound healing and the inflammatory response with and with- 
out FG sealant. 


MATERIALS AND METHODS 


Forty-five Sprague-Dawley rats weighing 250 to 350 g were used in 
the study. General anesthesia was induced using a mixture of keta- 
mine hycrochloride and xylazine hydrochloride given intraperitone- 
ally. A midline laparotomy was then performed. 

To the left and right of midline, standard circular 1.5-cm-diameter, 
peritoneal-muscular defects were excised. On the right side, the 
defects were closed linearly using four interrupted 3-0 silk sutures as 
previously described.’ On the left side, the defects were left open, and 
acontinuous 3-0 suture was sewn circumferentially around the wound 
(a model developed by one of us [M.A.L.]; unpublished data). The rats 
were then randomized into three groups as follows: in group 1, no 
further treatment was administered and the laparotomy incision was 
closed with a running 3-0 suture (Dexon, Davis and Geck Inc, Manati, 
PR). In group 2, each defect was covered with a mixture of 0.1 mL of 
human fibrinogen (1.77 g/L) obtained from fresh frozen plasma acti- 
vated with 0.1 mL of bovine thrombin (1000 U/mL) and calcium (6.24 
mmol/L). The sealant was allowed to set for 4 minutes, which yielded . 
a soft gelatinous plug, and then the laparotomy incision was closed 
with the running 3-0 suture. In group 3, each defect was covered with 
0.1 mL of human fibrinogen (23.6 g/L) obtained from cryoprecipitate 
mixed with 0.1 mL of bovine thrombin (1000 U/mL) and calcium (6.24 
mmol/L), After allowing the sealant to set for 4 minutes, which 
yielded a firm gelatinous plug, the laparotomy was likewise closed 
with the 3-0 sutures. 

The rats were maintained for 7 days with food and water ad libitum. 
On the seventh postoperative day, they were killed using a lethal dose 
of intraperitoneal pentobarbital sodium. The laparotomy incision was 
opened and the degree of adhesion formation was graded from 0 to 4 
by a “blinded” independent observer as follows: grade 0, no adhe- 
sions; grade 1, adhesions involving less than 25% of the area; grade 2, 
adhesions involving more than 25% but less than 50% of the area; 
grade 3, adhesions involving more than 50% but less than 75% of the 
area; and grade 4, adhesions involving more than 75% of the area. 

Statistical analysis was performed using the Pearson x’ test. Six 
separate analyses were performed. For right-sided defects, group 1 
was compared with group 2 using group 1 as a row and group 2 as a 
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“FFP indicates fresh frozen plasma; FG, fibrin give. 
{Defect closed with interrupted sutures. 

$P<.01 vs group 1 and P<.61 vs group 2. 

§Defect left open and circurrterential suture placed. 
/P<.001 vs group 1 and.P<.01 vs group 2. 


row, and using for columns the number of animals in each grade (0 to 
4) (Table). This assessed for similarity of the distribution of adhesion 
ratings between the two groups. Next, group 1 was compared with 
group 3, then group 2 was compared with group 3 for the right-sided 
defects. The left-sided defects were then similarly analyzed compar- 
ing group- 1 with group 2, then group 1 with group 3, and finally group 
2 with group 3. 

A second series of 24 Sprague-Dawley rats was studied for sequen- 
tial histologic analysis to compare a control group of rats with rats 
treated with high-concentration fibrinogen FG. Following the cre- 
ation of the same bilateral adhesion models, the rats were randomized 
into two groups of 12 corresponding to the control group (group 1) and 
the high-concentration fibr_nogen group (group 3) of the initial series, 
so that in group A, no further treatment was given after creation of 
the bilateral defects. In group B, both the right- and left-sided defects 
were covered with a mixture of 0.1 mL of human fibrinogen (23.6 g/L) 
obtained from cryoprecipitate activated by 0.1 mL of bovine throm- 
bin (1000 U/mL) and calcium (6.24 mmol/L). The rats were main- 
tained with food and water ad libitum. Three rats from each group 
were killed at random on postoperative days 1, 3, 5, and 7 using a 
lethal dose of intraperitoneal pentobarbital. The laparotomy incision 
was opened and the entire right- and left-sided surgical defects were 
excised en bloc along with any adherent tissues. The specimens were 
fixed in formaldehyde solution, embedded in paraffin, and stained 
with hematoxylin-eosin and Masson trichrome stains. 


RESULTS 


The Table shows the number of rats in each adhesion class 
for the first series of 45 rats. On the right side (in which the 
peritonea!l-muscular defects were closed with interrupted su- 
tures), 13 of 15 rats in the control group had either grade 3 or 4 
adhesions (Fig 1), and two had no adhesions. In group 2 (ow- 
concentration fibrinogen from fresh frozen plasma), nine of 15 
rats had grade 3 or 4 adhesions on the right side, and one had 
no adhesions. In group 3 (high-concentration fibrinogen from 
eryoprecipitate), only three of 15 rats had grade 3 or 4 adhe- 
sions and 11 had no adhesions (Fig 2). There was no statistical 
difference in the degree of adhesions between groups 1 and 2. 
Group 3, however, was significantly different (P<.01) from 
both groups 1 and 2. 

On the left side (in which the peritoneal-muscular defects 
were left open and a continuous suture was placed circumfer- 
entially around the defect), 13 of 15 rats in group 1 (control) 
had grade 3 or 4 adhesions (Fig 3), In group 2, 12 of 15 rats had 
grade 3 or 4 adhesicus. In group 3, only two of 15 rats had 
grade 3 or 4 adhesions (Fig 4). There was no statistically 
significant difference between groups 1 and 2. Group 3 was 
highly statistically different from group 1 (P<.001) and from 
group 2(P<.01). 

The results from the second series of 24 rats were evaluated 
histologically. In group A (control group), polymorphonucle- 
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Fig 1.—Control group 1, right side of the peritoneum. A grade 4 
omental adhesion can be seen involving the entire surface area of the 
closed defect on postoperative day 7. 


ics x P ee 
Fig 2.—Group 3, right dis of the peritoneum. No adhesions are 


evident on postoperative day 7. The closed defect appears to be well 
healed. 


ar leukocytes (PMNs) were the predominant cells seen in the 
wound surface on postoperative day 1. By postoperative day 
3, numbers of PMNs were greatly diminished, macrophages 
were more prevalent, and early fibroblast proliferation with 
collagen deposition could be observed. Fibroblasts were 
widely proliferating by day 5 and neovascularization was 
becoming prominent. On day 7, fibroblastic proliferation with 
collagen fiber deposition and prominent capillary formation 
was present (Fig 5). 

In group B (high-concentration fibrinogen FG), a layer of 
fibrin could be seen covering skeletal muscle on the wound 
surface where the peritoneal-muscular defect had been ex- 
cised. Scattered PMNs were likewise seen. On postoperative 
day 3, the cellular response and collagen deposition were 
similar to the control group. Residual fibrin was still present. 
By day 5, the majority of the fibrin had disappeared, and a 
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Fig 3.—Control group 1, left side of the peritoneum. A grade 4 omental 
adhesion can be seen involving the entire surface area of the open 
peritoneal defect. 





Fig 4.—Group 3, left side of the peritoneum. A grade 1 adhesion is 
demonstrated involving only one small area of the entire peritoneal 
defect. 


marked fibroblastic response was present along with occa- 
sional degenerating skeletal muscle fibers and foreign body 
giant cells. On day 7, the fibroblastic response with collagen 
deposition was even more prolific, as was the ingrowth of new 
capillaries (Fig 6). Calcified degenerated skeletal muscle fi- 
bers were abundant with associated foreign body giant cells. 
The capillary and fibroblastic response on day 7 appeared to 
be greater in the FG specimens than in the controls and was 
more consistent with healthy wound healing than adhesion 
formation as no adherent tissue suggestive of an adhesion was 
present in any of the day 7 specimens. 


COMMENT 


With the increasing concern over the use of homologous 
blood products, surgeons have focused on achieving better 
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Fig 5.—Croup A (control). postoperative day 7. Adherent adipose 
tissue (omentum) can be seen attached to skeletal muscle (SM). 
Fibroblasiic proliferation with new capillary formation (C) is present at 
the interface between omentum and skeletal muscle (hematoxylin- 
eosin, x 4). 





Fig 6.— Group B (fibrin glue), day 7. A marked fibroblastic response is 
present overlying the skeletal muscle (SM) with prolific ingrowth of 
new capillaries (C). Calcified degenerated skeletal muscle (CDSM) 
fibers are visible. Note that there is no tissue adherent to the wound 
surface (V’S) (hematoxylin-eosin, x 4). 


hemostasis intraoperatively. This has led to the development 
of numerous hemostatic agents. Because FG contains all the 
components of the last stage of the clotting cascade, FG 
achieves ocal hemostasis despite the presence of coagulation 
disorders, heparinization, or platelet disorders.’ As such, it is 
especiall useful in patients with dilutional coagulopathy who 
have sustained trauma or in vascular procedures requiring 
systemic heparin. Applied topically, it has been shown to 
decrease postoperative blood loss and the need for reopera- 
tion for b-eeding after cardiac operations." 

Because FG is being used increasingly in surgery, it is 
importart to know what effect FG may have on adhesion 
formation. In a series of experiments, Ellis’ demonstrated 
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that intra-abdominal achesions form in response to ischemic 
tissue. His studies shewed that neither the creation of a 
peritoneal defect alone nor the placement of loosely sutured 
black silk onto the parietal peritoneum induced adhesions. 
Adhesions formed when the peritoneal defect was closed, 
bringing tissue edges tegether and creating ischemia. These 
studies provided the basis for our model on the right side of 
the rat peritoneum. Additionally, we created a new model, 
designed by one of us:(M.A.L., January 1987), in which the 
peritoneal defect was left open, but a continuous suture was 
placed cireumferenziaily around the edge of the defect to 
maximize tissue ischemia. This new model appeared to cause 
even greater adhesion formation and thus provided a good 
control fer our study. 

The pathogenesis of intra-abdominal adhesion formation 
has also been studied histologically. Milligan and Raftery’ 
demonstrated that on postoperative day 1, the viscera are 
joined by a network of fibrin containing predominantly PMNs 
in addition to lymphceytes, macrophages, and plasma cells. 
These early adhesions are fibrinous. By day 4, most fibrin has 
disappeared, and the predominant cell is the macrophage 
with a few fibroblasts. By day 5, the adhesions are formed by 
fibroblasts and collager is present. At this stage, the adhe- 
sions are fibrous. Our study confirmed these histologic 
findings. 

Since the deposition cf fibrin is integral to the formation of 
adhesions, one wouid expect an increase in adhesion forma- 
tion using FG. In fact, previous research has focused on the 
prevention of fibrin deposition. However, some studies have 
demonstrated a deerease in adhesion formation with FG. 
Lindenberg et al,’ using a similar rat model as the right-sided 
defects in our series, demonstrated a significant reduction in 
adhesions using pooied lyophilized fibrinogen as the source of 
FG. In their study, aprotinin, an antiplasminogen agent, was 
added to the FG. The addition of aprotinin was thought to 
prolong the presence of the fibrin. Oka et al' studied the effect 
of FG on the leakage rate of rectal anastomoses in dogs. They 
similarly used pooled Ircphilized fibrinogen and aprotinin and 
found that although the leakage rate was not different in the 
FG group vs controls, adhesions were significantly reduced in 
the FG group. 

The present study eonfirms that FG significantly reduces 
intra-abdominal adhesion formation. This study differs in 
several respects from ethers in which FG was used. We used 





two different models for inducing adhesions. Fibrin glue sig- 
nificantly reduced adhesions in both models. In addition, we 
used single-donor products, fresh frozen plasma and eryopre- 
cipitate, as the source of fibrinogen rather than pooled human 
blood, and we did not add antiplasminogen to the glue. Fur- 
thermore, by using fresh frozen plasma and cryoprecipitate, 
we were able to test two different concentrations of fibrino- 
gen. Interestingly, the low-concentration glue (from fresh 
frozen plasma) did not reduce adhesions, suggesting that the 
inhibitory action of FG is dependent on the fibrinogen concen- 
tration. We cannot, however, exclude other components in 
the eryoprecipitate as being responsible for the inhibition of 
adhesions. Furthermore, the low-concentration glue did not 
form the typical solid gel seen with the higher concentration. 
This suggests that the greater sealant property of the high- 
concentration FG may play a role in adhesion prevention. 

The FG used in our study has advantages over the disper- 
sion kit used in Europe. The concentrated fibrinogen for our 
FG can be prepared from autologous single-donor cryopreci- 
pitate using a method previously described, although with 
present techniques, this may require removal of 1 U of blood.* 
Thus, one avoids using a commercially prepared fibrinogen 
concentrate from a pooled human blood source with the atten- 
dant risks of hepatitis B and acquired immunodeficiency 
syndrome. 

The reason for the inhibitory action of FG on adhesion 
formation is unclear. However, we believe that it is most 
likely due to the separation of raw surfaces created by the 
rapid sealant effect of the FG. This may prevent the exuda- 
tion of substances from the ischemic wound that induce omen- 
tum and bowel surfaces to adhere and fibrous adhesions to 
form. Our histologic analysis suggests that FG does not inhib- 
it fibroblastic proliferation. In fact, the fibroblastic and capil- 
lary response may have been increased with FG, although the 
observed histologic difference in our study was not statistical- 
ly significant given the small number of animals studied per 
group. Previous studies support our findings and indicate 
that FG promotes the formation of granulation tissue, induces 
angiogenesis, and may thus accelerate healing.*” The fact 
that FG may heighten fibroblastic proliferation and yet de- 
crease adhesions suggests that other factors come into play in 
the formation of adhesions. 


Nancy Berman, PhD, gave assistance with the statistical analyses involved 
in this project. 


References 


1. Wolner E. Fibrin ghting in cardiovascular surgery. Thorac Cardiovasc 
Surg. 1982;30:236-237. 

2, Kram HB, Nathan RC, Stafford FJ, Fleming AW, Shoemaker WC. 
-c Fibrin glue-achieves hemestas.s in patients with coagulation disorders. Arch 
Surg. 1989;124:385-387. 

2.. Lindenberg S, Steentoft >, Sorensen SS, Olesen HP. Studies on preven- 
-tion of intra-abdominal adhesicn formation by fibrin sealant: an experimental 
study: in rats. Acta Chir Seaw:l. 1985;151:525-527. 

d. Oka H. Harrison RC: Earhenne HJ. Effect of biologic glue on the leakage 
rate of experimental rectal anastomoses. Am J Surg. 1982;143:561-564. 

5. Rousoa J, Gonzalez-Lavin L, Cosgrove D, et al. Randomized clinical trial 
of fibrin sealant in patients undergoing resternotomy or reoperation after 
cardiac operations: a multicenter study. J Thorac Cardiovase Surg. 
1989;97: 194-203. 


6. Ellis H. The cause and prevention of postoperative intraperitoneal adhe~ 
sions. Surg Gynecol Obstet. 1971;133:407-511. 

T. Milligan DW, Raftery AT. Observations on the pathogenesis of peritoneal 
adhesions: a light and electron microscopical study. Br J Surg. 1974;61:274-280. 

8. Dresdale A, Rose EA, Jeevanandam V, Reemtsma K, Bowman FU, 
Malm JR. Preparation of fibrin glue from single-donor fresh-frozen plasma. 
Surgery. 1985;97:750-754. 

9. Dvorak HF, Harvey VS, Estrella P, Brown LF, MeDonagh J, Dvorak 
AM. Fibrin containing gels induce angiogenesis: implications for tumor stroma 
generation and wound healing. Lab Invest. 1987;57:673-686. 

10. Hedelin H, Bagge U, Grenabo L, Pettersson S. The influence of locally 
deposited fibrin on the biomechanical properties of developing granulation 
tissue in rats, Scand J Plast Reconstr Surg. 1983;17:179-131. 


Discussion 


JONATHAN R. HIATT, MD, Los Angeles, Calif: During the past 100 
years, a great deal of thought and effort have been devoted to the 
cause and prevention of adhesions. Causes that have been implicated 
include the presence ofraw serosal defects, ischemia, foreign bodies 
< suchas tak, and inflammation. Preventive measures that have been 
tested and mostly abarclened include anticoagulants, steroids, high- 
molecular-weight substances such as dextran, and mechanical meth- 
ods to stimulate intestinal motility and to prevent coaptation of 
healing surfaces. Tissue ischemia seems to have withstood the test of 
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time as a cause of adhesions, However, the deleterious effect of fibrin 
deposition, which ought to produce adhesions, has been called into 
question. In a metaphor that becomes perplexing in light of the 
current presentation, Dr Harold Ellis, a great expert, has referred to 
fibrin as “natures glue” and proposed its removal as a logical means to 
prevent loops of intestine from sticking. Now the authors reiterate 
the importance of ischemia but tell us that glue made from fibrinogen 
may have a preventive role in adhesion formation. Should we paint 
our anastomoses with this glue? The authors have not proposed a 
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clinical- application, but one concern would be the potential for infec- 
tion. Fibrin trapping has been implicated in abscess formation after 
bacterial peritonitis, and fibrinolytic agents, including tissue plas- 
minogen activator, have been used to prevent abscesses experimen- 
tally. Clinical trials using FG as a hemostatic sealant have not report- 
ed bacterial infection as a complication, but most of these cases, while 
wet, have been clean. Would use of the glue after an intraperitoneal 
inflammatory process of the sort likely to produce adhesions, for 
example perforative appendicitis, be a problem? 

JAMES W. HOLCROFT, MD, Sacramento, Calif: Histologically, did 
the glue affect wound healing in any way? In terms of follow-up, if 
these areas form a new serosa over the inflammatory area, will 
adhesions ever form between the wounds and the omentum or the 
gut? If wound healing was impaired in any way, the long-term results 
might not have been quite so favorable. 

LEON MORGENSTERN, MD, Los Angeles: As a long-standing stu- 
dent of adhesions in both rats and humans, I am equally impressed 
with the quixotic nature of adhesions in both species, sometimes 
mysteriously present and very often mysteriously absent. I find it 
difficult to relate this experimental procedure to what we see in man 
generally, and I would be very wary lest it be adopted as a means of 
preventing the adhesive phenomena we see in man. I did not hear 
mention of the risks of transmitting hepatitis, cytomegalovirus, or 
acquired immunodeficiency syndrome, when FG is applied in this 
fashion. I would appreciate hearing the authors’ comments on that 
problem, 

WILLIAM S. FLETCHER, MD, Portland, Ore: I remember a very 
convincing article that correlated the level of fibrinolysis with adhe- 
sions; the greater the fibrinolysis, the less the adhesions. Can the FG 
stimulate fibrinolysis? 

DR NELSON: As a cardiac surgeon, I have been faced with many 
serious problems of hemostasis, particularly in operations that have 
to be “redone.” One such instance is when the pump has depleted 
coagulation factors and the bleeding will not stop. Fibrin glue has 
been shown to be very helpful in this setting. 

However, we questioned whether we were creating greater prob- 
lems in the future if pericardial adhesions were stimulated. Would 
redone cardiac operations be more difficult? For that reason, Drs 


Robertson, who conceived this research, and de Virgilio took this 
problenrto the laboratory and used a standard rat model for the study 
of adhescons. There is a problem as to how to relate this to man. The 
open defect was an additional model conceived by one of us (M.A.L.) 
in whicha circumferential suture is used to increase ischemia to make 
it more productive of adhesions. The result that adhesions were 
reduced was a bit of a surprise to us, but this has been substantiated 
by other research work. 

Dr Hiatt, what we may be seeing is a very simple but elegant 
biologic dressing over the surface of the peritoneum that allows the 
mesothelial cells to approximate to each other, and by the time 
fibrinolysis occurs, we have a smooth surface that no longer is suscep- 
tible to adhesion formation. It may also minimize the release of 
chemotactic factors. 

One of us (T. D.) and Samuel E. Wilson, MD, in unpublished studies 
(January 1988), have shown that control animals did as well as the 
animals -reated with fibrin. At high levels of contamination, the fibrin 
was not protective. However, at middle ranges of bacterial concen- 
tration, zhere was a statistically significant protective effect from the 
fibrin that localized the infection compared with the control. 

In general surgery, the potential applications are limited only by 
one’s imagination. Dr Shoemaker (Martin Luther King Medical Cen- 
ter, Los Angeles) and his group have applied it experimentally to the 
liver and the spleen in cases of trauma and splenectomy. It has been 
used to seal bowel anastomoses. 

Dr Mergenstern, there clearly is a risk. The risk of hepatitis in Los 
Angeles County (California) now runs about 1% for each unit of blood 
or bloodproducts that is transfused. The risk of acquired immunodefi- 
ciency syndrome runs about 1 in 75000 to 1 in 250000. We do not 
advocate using it unless there is a significant reason. In the event of 
bleeding, FG may decrease the risk by decreasing the total number of 
units trensfused. We are working on plasmapheresis so one can take 
the procuct from the patient. Of course, genetic recombination pro- 
duction əf fibrinogen is on its way. 

Dr Fletcher, does this stimulate fibrinolysis? We do not know, but 
some European workers have used antifibrinolysis with this product, 
and it dees not seem to add anything to its effect. 
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Bacterial Transference During Electrodesiceation and Electrocoagulation 


Richard G. Bennett, MD, Craig A. Kraffert, MD 


Electrodesiccation and electrocoagulation are commonly use to control bleeding and destroy tissue. In 
certain outpatient settings, the clinician routinely uses one of these electrosurgical modalities on successive 
patients without sterilization or antisepsis of the treatment electrode tip. In controlled laboratory experiments 
using electrodesiccation and electrocoagulation, we investigated bacterial transference of Staphylococcus 
aureus from inoculated tissue to sterile electrode tips and from inoculated electrode tips to sterile tissue. 
With use on inoculated tissue, sterile electrode tips remained sterile after electrocoagulation but not after 
electrodesiccation. Bacterial transference from inoculated electrode tips to sterile tissue occurred with 
electrodesiceation but not with electrocoagulation. These resu.ts are consistent with bacterial destruction 
by electric current and suggest that bacterial transference via the treatment electrosurgery electrode from 
one patient to another is possible but much more probable durmg electrodesiccation than during electroco- 
agulation (Arch Dermatol. 1990;126:751-755). 

Reprint requests to Saint John’s Medical Plaza, 1301 20th St, Suite 57€, Santa Monica, CA 90404 (Dr Bennett). 
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ERGAMISOL® (Levamisole Hydrochloride) Tablets 


Before prescribing, please consult complete prescribing information of which the 
following is a brief summary. 


INDICATIONS AND USAGE: ERGAMISOL (levamisole hydrochloride) is only indi- 
cated as adjuvant treatment in combination with fluorouracil after surgical resection 
in patients with Dukes’ stage C colon cancer. 


CONTRAINDICATIONS: ERGAMISOL (levamisole hydrochloride) is contraindi- 
cated in patients with a known hypersensitivity to the drug or its components. 


WARNINGS: ERGAMISOL (levamisole hydrochloride) has been associated with 
agranulocytosis, sometimes fatal. The onset of agranulocytosis is frequently accom- 
panied by a flu-like syndrome (fever, chills, etc.); however, in a small number of 
patients it is asymptomatic. A flu-like syndrome may also occur in the absence of 
agranulocytosis. It is essential that pe gle hematological monitoring be done 
routinely during therapy with ERGAMISOL and fluorouracil. Neutropenia is usually 
reversible following discontinuation of therapy. Patients should be instructed to report 
immediately any flu-like symptoms. 


Higher than recommended doses of ERGAMISOL may be associated with an in- 
oe pala of agranulocytosis, so the recommended dose should not be 
exc ; 


The combination of ERGAMISOL and fluorouracil has been associated with frequent 
neutropenia, anemia and thrombocytopenia. 


PRECAUTIONS: Before beginning this combination adjuvant treatment, the physi- 
cian should become famitiar with the labeling for fluorouracil. 


Information for Patients: The patient should be informed thatif flu-like symptoms or 
malaise occurs, the physician should be notified immediately. 


Interactions: ERGAMISOL (levamisole hydrochloride) has been reported to 
produce “ANTABUSE®"-like side effects when gyen concomitantly with alcohol. 
Concomitant administration of phenytoin and ERGAMISOL plus fluorouracil has led 
to increased plasma levels of phenytoin. The physician is advised to monitor plasma 
levels of phenytoin and to decrease the dose if necessary. 


Laboratory Tests: On the first day of therapy with ERGAMISOL/flucrouracil, pa- 
tients should have a CBC with differential and Peite, electrolytes and liver function 
tests performed. Thereafter, a CBC with differential and platelets should be par 
formed weekly prior to each treatment with fluorouracil with electrolytes and liver 
function tests performed every 3 months for a total of one year Dosage modifications 
should be instituted as follows: If WBC is 2500-3500/mms defer the fluorouracil dose 
until WBC is > 3500/mm3. If WBC is < 2500/mm3, defer the fluorouracil dose until 
WBC is > 3500/mm3; then resume the fluorouracil dose reduced by 20%. If WBC 
remains < 2500/mm3 for over 10 days despite deferring fluorouracil, discontinue 
administration of ERGAMISOL. Both drugs should be deferred unless enough plate- 
lets are present (= 100,000/mms). 


Carcinogenesis, Mutagenesis, Impairment of Fertility: Adequate animal car- 
anogenioly studies have not been conducted with levamisole. Studies of levamisole 

ministered in drinking water at 5, 20, and 80 no kg day to mice for up to 18 months 
or administered to rats in the diet at 5, 20, and 80 mg/kg/day for 24 months showed no 
evidence of neoplastic effects. These studies were not conducted at the maximum 
tolerated dose, therefore the animals may not have been exposed to a reasonable 
drug challenge. No mutagenic effects were demonstrated in dominant lethal studies 
in male and female mice, in an Ames test, and in a study to detect chromosomal 
aberrations in cultured peripheral human lymphocytes. 


Adverse effects were not observed on male or female fertility when levamisole was 
administered to rats in the diet at doses of 2.5, 10, 40, and 160 mg/kg. In arat gavage 
study at doses of 20, 60, and 180 mg/kg, the copulation period was increased, the 
duration of pregnancy was slightly increased, and fertility, pup viability and weight, 
lactation index, and number of fetuses were decreased at 60 g. No negative 
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Pregnancy: ig Category C: Teratogenicity studies have been performed in 
rats and rabbits at oral doses up to 180 mg/kg. Fetal malformations were not ob- 
served. In rats, embryotoxicity was present at 160 mg/kg and in rabbits, significant 
embryotoxicity was observed at 180 by . There are no adequate and well- 
controlled studies in pregnant women and ERGAMISOL should not be administered 
unless the potential benefits outweigh the risks. Women taking the combination of 
ERGAMISOL and fluorouracil should be advised not to become pregnant. 


Nursing Mothers: It is not known whether ERGAMISOL is excreted in human milk; it 
= excreted in Lowa milk. Because ofthe paara 

lor serious adverse reactions in nursing infants , 
from ERGAMISOL, a decision should be made IN DUKES’ C 
whether to discontinue nursing or to discontinue 

the drug, taking into account the importance of COLON 
the drug to the mother. 


Pediatric Use: Saary and effectiveness of 
ERGAMISOL in children have not been 
established. 


ADVERSE REACTIONS: Almost all patients re- 
ceiving ERGAMISOL (levamisole hydrochloride) 
and fluorouracil reported adverse experiences. 
Tabulated below is the incidence of adverse ex- 
periences that occurred in at least 1% of patients 
enrolled in two clinical trials who were ore 
treated with either ERGAMISOL or ERGAMISO 
lus fluorouracil RER colon surgery. In the 
larger clinical trial, 66 of 463 patients (14%) dis- 
continued the combination of ERGAMISOL plus 
fluorouracil because of adverse reactions. Forty- 
three of these patients (9%) developed isolated 
oracombination of gastrointestinal toxicities (e.g. 
nausea, vomiting, diarrhea, stomatitis and 
anorexia). Ten patients developed rash and/or 
pruritus. Five patients discontinued therapy be- 
cause of flu-like symptoms or fever with chills; ten 
patients developed central nervous system 
symptoms such as dizziness, ataxia, depression, 
confusion, memory loss, weakness, inability to 








ERGAMISOL ERGAMISOL plus fluorouracil 
N = 440 N = 599 
Adverse experience % % 






Gastrointestinal 
Nausea 
Diarrhea 13 52 
Stomatitis 3 39 
Vomitirg 6 
Anorexa 2 6 
Abdominal pain 2 5 
Constipation 2 3 
Flatulence <1 2 
Dyspepsia <1 1 
Hematelogical 
Leukopenia 
<2000/mm3 
=2000 to <4000/mm3 
=4000/mm3 
unscored category 
Thrombocytopenia 
<5C.000/mm3 
=5C.000 to <130,000/mm3 
=1,000/mm? 
Anemia 
Granulscytopenia 
Epistaxs 
Skin and Appendages 
Dermatitis 
Alopecaa 
Pruritus 
Skin discoloration 
Urticara 


Body as a Whole 

Fatigue 

Fever 

Rigors. 

Chest pain < 
Edema 


Resistance Mechanisms 
Infectien 


Special Senses 

Taste Ferversion 

Alterec sense of smell 

Musculoskeletal System 

Arthraigia 

Myalgia 

Centrai and peripheral nervous system 
Dizziness 

Headache 

Parestnesia 

Ataxia 

Psychiatric 

Somnelence 

Depression 

Nervoesness 

Insomnia 

Anxiety 

Forgettulness 

Vision 

Abnornal tearing 0 4 
Blurred vision 1 2 
Conjunctivitis <1 2 
Liver and biliary system 

Hypersilirubinemia <1 












A 





A 
Oooo ONA 






owo 
nN 
N 





A 






=w 






on 
N 






S] 
œ 






wan 
nm 









Onw% 
mwana 









O =a mt 69 
—--arrrn 








In worldwide experience with ERGAMISOL, less 
frequent adverse experiences included exfolia- 
tive dermatitis, periorbital edema, vaginal bleed- 
ing, anaphylaxis, confusion, convulsions, 
hallucinations, impaired concentration, renal 
failure, elevated serum creatinine, and increased 
alkaline phosphatase. An encephalopathy - like 
syndrome has been reported in patients treated 
with ERGAMISOL. 


The following additional adverse experiences 
have been reported for fluorouracil alone: 
esophagopharyngitis, pancytopenia, myocardial 
ischemia, angina, gastrointestinal ulceration and 
bleeding, anaphylaxis and generalized allergic 
reactions, acute cerebellar syndrome, nystag- 
mus, dry skin, fissuring, photosensitivity, lacrimal 
duct stenosis, photophobia, euphoria, throm- 
bophliebitis, and nail changes. 

HOW SUPPLIED: ERGAMISOL (levamisole hy- 
drochloride) is available in white, coated tablets 
containing the equivalent of 50 mg of levamisole 


e 
They are supplied in blister packages of 36 tab- 
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lets (NDC 50458-270-36). 


Store at room temperature, 15°-30°C (59°-86°F). 
Protect from moisture. 





concentrate, and headache; two patients de- in combination with 5-fluorouracil A 
veloped reversible neutropenia and sepsis; one yan 
patient because of thrombocytopenia; one pa- <5) 


tient because of hyperbilirubinemia. One patient inthe ERGAMISOL plus fluorouracil 
group developed agranulocytosis and sepsis and died. 

Pin po ERGAMISOL alone arm of the trial, 15 of 310 patients (4.8%) discontinued 
thérapy because of adverse experiences. Six of these (2%) discontinued because of 
rash, six because of arthralgia/myalgia, and one each for fever and neutropenia, 
urinary infection, and cough. 


For medical questions, call 1-800-253-3682 (9 AM-5 PM Eastern Time). 
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Brief Summary 


TRINSICON® 
Hematinic Concentrate with Intrinsic Factor 


A Highly Potent Oral Antianemia Preparation 


INDICATIONS AND USAGE: TRINSICON® is a multi- 
factor preparation effective in the treatment of 
anemias that respond to oral hematinics, including 
pernicious anemia and other megaloblastic anemias 
and also iron-deficiency anemia. Therapeutic quan- 
tities of hematopoietic factors that are known to be 
important are present in the recommended daily 
dose. CONTRAINDICATIONS: Hemochromatosis 
and hemosiderosis are contraindications to iron 
therapy. PRECAUTIONS: General: Anemia is a man- 
ifestation that requires appropriate investigation to 
determine its cause or causes. Folic acid a/one is 
unwarranted in the treatment of pure vitamin B42 
deficiency states, such as pernicious anemia. Folic 
acid may obscure pernicious anemia in that the blood 
picture may revert to normal while neurolological 
manifestations remain progressive. As with all prepa- 
rations containing intrinsic factor, resistance may 
develop in some cases of pernicious anemia to the 
potentiation of absorption of physiologic doses of 
vitamin B42. If resistance occurs, parenteral therapy 
or oral therapy with so-called massive doses of vita- 
min B, may be necessary for adequate treatment of 
the patient. No single regimen fits all cases, and the 
status of the patient observed in follow-up is the final 
criterion for adequacy of therapy. Periodic clinical 
and laboratory studies are considered essential and 
are recommended. Pregnancy: Pregnancy Category 
C: Animal reproduction studies have not been con- 
ducted with TRINSICON® It is also not known 
whether TRINSICON can cause fetal harm when ad- 
ministered to a pregnant woman or can affect repro- 
duction capacity. TRINSICON should be given to a 
pregnant woman only if clearly needed. Nursing 
Mothers: It is not known whether this drug is 
excreted in human milk. Because many drugs are 
excreted in human milk, caution should be exercised 
when TRINSICON is administered to a nursing 
woman. Pediatric Use: Safety and effectiveness in 
children below the age of 10 have not been estab- 
lished. ADVERSE REACTIONS: Rarely, iron in thera- 
peutic doses produces gastrointestinal reactions, 
such as diarrhea or constipation. Reducing the cose 
and administering it with meals will minimize these 
effects in the iron-sensitive patient. In extremely rare 
instances, skin rash suggesting allergy has been 
noted following the oral administration of liver- 
stomach material. Allergic sensitization has been 
reported following both oral and parenteral adminis- 
tration of folic acid. OVERDOSAGE: Symptoms: 
Those of iron intoxication, which may include pallor 
and cyanosis, vomiting, hematemesis, diarrhea, 
melena, shock, drowsiness, and coma. Treatment: 
For specific therapy, exchange transfusion and 
chelating agents. For general management, gastric 
and rectal lavage with sodium bicarbonate solution 
or milk, administration of intravenous fluids and 
electrolytes, and use of oxygen. DOSAGE AND 
ADMINISTRATION: One capsule twice a day. (Two 
capsules daily produce a standard response in the 
average uncomplicated case of pernicious anemia.) 
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‘Selection Factors Resulting in Improved 
‘Survival After Surgical Resection of 
Tumors Metastatic to the Lungs 


: Francesco M. Marincola, MD, James B. D. Mark, MD 


è From 1973 through 1387, a total of 140 patients underwent 
184 operations for removal of metastatic tumors to the lungs. The 
` number of lesions removed ranged from one to 30. Of the pa- 

tients, 44% had solitary lesions. Overall 3-year survival was 
62.6%, and 5-year survival was 48.2%. In all primary tumors 
except melanoma and breast cancer, 3-year survival was greater 
_ than 50%.:and 5-year survival was greater than 40%. With rare 
: exceptions, the operation of choice for unilateral lesions was 
_ Ipsilateral thoracotomy, and for bilateral lesions it was median 
. sternotomy. Adequate conservative resection was the rule. 
There were. three pneumonectomies, 25 lobectomies, 71 single 
wedge resections, 38 multiple unilateral wedge resections, and 
47 bilateral wedge resections. There were no postoperative hos- 
pital deaths. Cox covariate analysis demonstrated improved sur- 
vival in patients whose largest lesion was less than 1.5 cm in 
‘diameter and with disease-free interval longer than 1 year, but 
‘survival was not related to number of lesions or age of patient. An 
aggressive surgical apprcach is justified in patients with most 
primary tumors and a limited number of lung metastases less 
than 1.5 cm in diameter. Resection of metastases from melanoma 
and breas? cancer should be accomplished after other sites of 
Metastatic disease have been ruled out by the most stringent 
criteria. ; 
= (Arch Surg. 1990;125:1387-1393) 


See resection of metastastic tumors to the lung is 
KY becoming an acceptable modality of treatment in selected 
cases, particularly in patients with no evidence of metastases 
_elsewhere:and whose general condition predicts tolerance of 
the planned operation. In the absence of a prospective, ran- 
domized trial of treatment for patients with metastatic tumor 
to the lungs, careful patient selection becomes increasingly 
important. 
Five-year cure rates ir. the 25% to 40% range in selected 
groups of patients have been reported in a number of stud- 
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ies.'* Surgical treatment of metastatic osteogenic sarcomas 
has a reported 5-year survival rate between 30% and 46%,>*" 
with a lesser survival rate for soft-tissue sarcomas (between 
10% and 33%).’* Nonseminomatous testicular carcinomas 
have been reported to have a 5-year survival of about 60%,” 
gynecologic tumors between 36% and 54%,'” renal cell carci- 
nomas 27% to 54%," colon tumors 38% to 40%,” ear, nose, 
and throat tumors 12% to 44%,"*" and metastatie melanoma 
11% to 25%.""*" Survival has been shown to correlate with the 
number of metastatic nodules,”**" doubling time of the meta- 
static lesions,*** and the length of time from the treatment of 
the primary tumor to lung recurrence.”* Finally, metastatic 
tumor size has been shown to be a predictor of survival for 
renal cell carcinoma.” 

Many of these factors determining survival were analyzed 
arbitrarily by dividing patients into two groups by intersec- 
tion of a variable in continuity and then comparing the two 
groups on the basis of this variable without taking into ac- 
count the other covariates. In this series we analyzed retro- 
spectively the Stanford (Calif) experience in treating patients 
with metastatic disease to the lungs and with no evidence of 
disease in other parts of the body. Patients were treated 
independently from the site of the primary tumor, and all the 
available data were compared with a multiple linear regres- 
sion model. 


PATIENTS AND METHODS 


From March 1972 to December 1987, a total of 217 patients with 
metastatic disease to the lungs were referred to the Division of 
Thoracic Surgery of Stanford University Medical Center for evalua- 
tion and treatment. Of these, 27 patients had lymphoma. Of the 
remaining 190 patients, 140 were found to meet. the eriteria for 
resection. Criteria for resectability included (1) the preoperative 
belief that removal of all tumor would be possible and (2) the belief 
that the patient would be able to tolerate the operation planned. 
Relative selection criteria were as follows: (1) primary tumor. under 
control, (2) no metastases elsewhere, and (3) no effective alternative 
method of treatment. 

The patients’ average age was 41.3 + 1.7 years, the youngest being 
a 4-year-old child and the oldest an 80-year-old man. 


Survival After Resection of Lung Metastases—Marincola & Mark 1387 














Os:eosarcoma 















BiSot-Tissue 
m Pneumonectomy oo 
E Lobectomy [Gynecologic 
Wedge Resection E Testicle 
Single E Eer, Nose, 
EUnilateral æd Throat 
A Bilateral cae 

reas 





E Other 











Fig 1.—Patient distribution according to the type of operation 
performed. 


Fig 2.— Patient distribution according to the type of primary lesion. 


Table 1.—Distribution of Patient Populatzon by Primary Site* 


% No. of 
Primary Sympomatic Nodules 
Site (No./Total} (Mean + SEM) 


All 18.0 (25/140) 4620.5 
Osteosarcoma 12.5 (4/32) §.1+1.0 
Soft-tissue sarcoma 23.5 (4/17) 5.5+16 
10.0 (1/10) 45+2.6 
42.9 (3/7) 3.6+1.8 
11.1 (2/18) 7.42.4 
11.1 (1/9) 1.4+0.2 
22.2 (2/9) 1.8+0.8 
16.0 (4/25) 4.9413 
Gynecologic 42.9 (3/7) 3.6+1.2 


% With 
Only 1 Nodulet 
(No./Total) 


43.6 (61/140) 
25.0 (8/32) 
35.2 (6/17) 
70.0 (7/10) 
42.9 (3/7) 
44.4 (8/18) 
55.6 (5/9) 
88.9 (8/9) 
36.0 (9/25) 
28.6 (2/7) 


Size of 
Largest 
Lesion, cm 


212041 
1620.2 
2.7+0.5 
3.6+1.0 
1.8+0.3 
2.1+0.4 
2.1+0.6 
2.4+40.4 























Testicle 








Melanoma 
Ear, nose, and throat 





Bladder 25.0 (1/4) 1.0+0.0 


*Two patients had primary sites other than those listed. 
TAt the time of the first thoracotomy. 


When unilateral lesions were seen on a chest computed tomograph- 
ic (CT) scan, the patient underwent lateral thoracotomy on that side 
with resection of the lesions by the most conservative resection that 
allowed complete removal of tumor with an adequate margin of 
normal tissue. If a lesion was peripheral in location, a limited thora- 
cotomy incision was carried out. This did not allow complete evalua- 
tion of the remainder of the lung in many cases. Almost all patients 
with bilateral metastases underwent simultaneous resection of all 
lesions by a median sternotomy approach. A double-lumen endobron- 
chial tube was used for all patients except children. Three patients 
underwent pneumonectomy, 25 single or multiple lobectomy, 71 
single wedge resection, 38 multiple unilateral wedge resections, and 
47 multiple bilateral wedge resections at one operation (Fig 1). There 
was one early postoperative death. A patient with metastatic testicu- 
lar cancer died of tumor embolus to the pulmonary artery 10 days 
after his operation while sitting at his desk at work. 

Of the 140 patients, 38 did not have a complete 5-year observation 
period; 17 patients returned to the referring institution and failed to 
keep their follow-up appointment with us. Thirteen patients are still 
under our care, but their operations were less than 5 years ago. Two 
patients moved to a distant area, and 6 patients suddenly became 
unavailable for follow-up after prolonged observation. 

Data were recorded and analyzed by means of MEDLOG V89.1 
(Information Analysis Corp, Mountain View, Calif). Unless stated 
otherwise, data are presented as means+SEM. When indicated, 
parametric analysis was used with nonpaired-sample Student's ¢ test 
to compare means between groups and analysis of variance to com- 
pare means among groups. Fisher's Exact Test and x’ test for equali- 
ty of percentages were also used when appropriate. Multiple linear 
regression analysis” and Cox covariate-adjusted survival analysis” 
were used to analyze the effect of different covariates on one single 
variable or on survival. The survival rate was calculated from the 
time of the first thoracotomy. Survival curves were plotted according 
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100.0 (4/4) 


to the Kaplan-Meier table, and differences in survival between differ- 
ent greups were analyzed by the log-rank (Mantel-Haenszel) test for 
equality of survival care.” 


RESULTS 


Dis:ribution of patient population according to the primary 
site oftumor is presented in detail in Table 1 and graphically in 
Fig 2. A large number of patients presented with sarcomas 
(either osteogenic or from soft tissue); the second largest 
group included patients presenting with epithelial tumors 
such ss colon or breast carcinomas or tumors originating in 
the oropharynx and larynx, mostly squamous cell carcinomas 
(13/2E, 52%) and adenocarcinomas (7/25, 28%). 

Of the patients, 18.0% (25/139) presented with symptoms; 
howerer, the incidence of symptoms varied according with 
the type of primary tumor (Table 1, Fig 3). 

One single area of pulmonary involvement at the time of 
each thoracotomy was present in 47.4% of the patients (Fig 4). 
This does not differ from the 43.6% (61/140) incidence of 
solitary pulmonary nodules when only the first thoracotomy 
was taken into account for each patient. If subsequent metas- 
tases not occurring at the site of previous resection are consid- 
ered evidence of multiple foci of pulmonary involvement, then 
34.3% patients (48/140) had only one metastatic lesion during 
the entire observation period. There was a statistically signif- 
icant variation among groups in the number of patients pre- 
sentiag with only one lesion (analysis of variance, P<.01), 
however, the average number of pulmonary nodules accord- 
ing to the primary site did not differ significantly among 
groups (P>.05) (Table 1). Differences among groups were 
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: Fig 3.—Frequency of presentation with symptoms according to the 
primary tumor site. ENT indicates ear, nose, and throat. 


Table 2.— Kaplan-Meier Survival Probabilities 


Survival Probability, % (+ SEM) 


sy 5-y 10-y 
140 62.6+4.7 48.2+5.1 41.3+5.7 
32. 60.0+9.9 46.1+10.4 39.5+10.8 








| rcor 17 7694117 57.7+18.8 57.7+18.8 
i 7 80.0+179  53.3+24.8 S 
18 70.7110 70.7+11.0 

9  42.9+18.7 21.4+178 EN 

9 ae 


, Melanoma 25.0215.3 125+11.7 


41.6+11.6 
§5.6+ 24.8 


25. $3.5+11.5 
83.3 +15.2 


remarkabie for differences between melanomas and breast 
cancer (respectively, 1.8 = 0.8 and 1.4 + 0.2 lesions) vs testicu- 
“lar tumors (7.4 + 2.4 lesions) (P<.05 in both cases). 
_ The difference in size of the largest lesion found at thoracot- 
omy was close to significance among groups (analysis of vari- 
ance, P=.06) but not significant between different groups 
--(P>.05inall cases) (Table 1). 
Table 2 gives 5-year survival for the individual groups. 
Overall 3-year survival was 62.6% +4.7 and 5-year survival 
_ was 48.2% + 5.1, which is strongly in contrast with the 10.1% 
"probability of survival at 5 years.in our population of patients 
who were not operated.on (36 patients). Survival was not 
particularity affected by the type of primary tumor except for 
breast. cancer and melanoma, in which 5-year survival was 
21.4% +17.8% and 12.5%+11.7%, respectively (P<.001) 
(Fig 5). Cox covariate analysis did not show a significant 
correlation between survival and patient age (P = .67), pres- 
ence of symptoms at the time of diagnosis (P = .45), number of 
pulmonary nodules (P= .39), and amount of cigarettes previ- 
_ ously smoked (P = .51), However, there was a strong statisti- 
cal correlation between the size of the largest lesion (whether 
single or multiple) and survival (P<.01). There was also a 
_ Statistically significant correlation between disease-free in- 
erval and survival (P<.05). These data are presented graph- 
ically In Figs 6 through 8. Figure 6 shows no difference in 
_ survival (P>.05) between patients presenting with one nod- 
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Fig 4.—Percentage of patients found to have a solitary nodule at the 
time of each thoracotomy. ENT indicates ear, nose, and throat. 
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Fig 5.— Survival rate calculated according to the Kaplan-Meier table 
for patients with melanoma (circles) vs all other patients (squares). 
Difference in survival was analyzed by the log-rank (Mantel-Haenszel) 
test for equality of survival curve (Mantel-Haenszel P< 001). 
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Fig 6.— Survival rate calculated according to the Kaplan-Meier table 
for patients presenting with one nodule (squares) and patients pre- 
senting with more than one nodule (circles). Difference in survival was 
analyzed by the log-rank (Mantel-Haenszel) test for equality of survival 
curve (Mantel-Haenszel P>.05). 
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Fig 7.— Survival rate calculated according to the Kaplan-Meier table 
for patients with diameter of the largest lesion greater than (circles) or 
less than or equal to (squares) 1.5 cm (median distribution). Difference 
in survival was analyzed by the log-rank (Mantel-Haenszel) test for 
equality of survival curve (Mantel-Haenszel P<.01). 
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Fig 8. — Survival rate calculated according to the Kaplan-Meier table 
for patients with disease-free interval longer (squares) or shorter 
(circles) than 1 year. Difference in survival was analyzed by the log- 
rank (Mantel-Haenszel) test for equality of survival curve (Mantel- 
Haenszel P = .08). 


ule and patients presenting with more than one nodule; the 
slightly worse survival of the single-nodule group might be 
attributed to the fact that this group included eight of the nine 
patients with melanoma, which has by far the worst progno- 
sis; however, almost. complete overlap is noted if these pa- 
tients are removed from the calculation (data not shown). If 
patients without melanoma were divided arbitrarily into two 
groups, one group including the patients presenting with four 
or fewer metastases (100 patients) and the other including 
patients presenting with more than four metastases (31 pa- 
tients), a difference in 5-year survival was noted (55% vs 
39%); however, this was not significant (P = .24). 

Figure 7 shows the difference in survival between two 
groups of patients divided empirically by the diameter of their 
largest lesion (whether single or multiple) with 1.5 em, which 
represents the median in the distribution of tumor diameters 
among all the patients, chosen as the cutoff point. A signifi- 
cant difference in survival was noted between these two 
groups (P<.01). The median disease-free interval was 652 
days. When patients were divided according to the median 
disease-free interval, no significant difference was noted in 


1390 Arch Surg—-Vol 125, October 1990 


survival curves among the two groups (P=.15). The differ- 
ence insurvival is closer to significance if patients are divided 
between those who developed metastatic disease during the 
first year from the treatment of their primary tumor and 
those whose metastatic spread was evident after 1 year 
(P=.08) (Fig 8). 

Of tke 18 patients with nonseminomatous testicular carci- 
noma, all received chemotherapy before thoracotomy. Ten of 
them vere found to have benign lesions at thoracotomy (ei- 
ther scar tissue or mature teratoma), and 8 were found to 
have malignant tissue (histologic features similar to those of 
the primary tumor). The 5-year survival was better for the 
patient group found to have benign lesions (87.5% vs 62.5%); 
however, this did not differ statistically, probably due to the 
small sample size (P =.19). 

Male patients (n = 92) had a better 5-year survival than did 
female patients (n= 48) (54.1% vs 36.7%). The difference, 
however, was not statistically significant (P=.10). This dif- 
ference in survival according to patient sex was noted also 
when 2 more homogeneous population of patients was ana- 
lyzed, such as patients. with sarcomas, in which case male 
patients (n = 33) had a better 5-year survival (52.0%) than did 
female patients (n = 16; 5-year survival, 21.0%; P>.085). 


COMMENT 


Surgical treatment of metastatic tumors to the lungs has 
becom2 an important part of the treatment of cancer patients. 
In the absence of randomized, prospective clinical trials, the 
selection of patients for surgical treatment becomes increas- 
ingly important. 

With few exceptions, surgical resection of metastatic tu- 
mor deposits in the lungs should be carried out with curative 
intent. Exceptions to this rule include operations for staging 
of certain cancers, particularly testicular tumors, and pallia- 
tion of specific symptoms. “Debulking” of metastatic tumors 
to the ung to make other treatment more effective is a highly 
questionable concept. The use of modern diagnostic methods, 
especially CT, should result in relatively few instances of 
inabilizy to resect tumor thought preoperatively to be remov- 
able. There will certainly be cases of miliary spread of tumor 
to the visceral or parietal pleura not detected before thoracot- 
omy, >ut these will be infrequent in patients otherwise 
thougat to be potentially curable. It should be rare indeed to 
find a lesion unresectable because of size or location not 
realized preoperatively. 

In car series we report survival rates for each tumor type 
that are similar to or slightly better than those previously. 
reported in other series. We attribute this improved survival 
to twc factors: strict selection of patients undergoing thora- 
cotomy and an improvement in multimodality therapies, since 
many of our patients received a combination of aggressive 
chemctherapeutic or radiotherapeutic treatments for their 
disease. The impact of modern chemotherapy or radiotherapy 
on the improved survival of these patients is difficult to 
quant:tate but cannot be minimized. 

The quality of our analysis is difficult to assess because this 
is a retrospective study. In survival analysis, censoring is 
probably the most important limiting factor. Of the 140 pa- 
tients, 38 did not have a complete 5-year observation period 
since zheir first thoracic operation for metastatic cancer. Of 
this number, 17 patients were unavailable for follow-up im- 
medictely after their surgical procedure because they re- 
turned to the referring institution and failed to keep their 
follow-up appointment (immediate censoring). Thirteen pa- 
tients are still under our care, but their operations were less 
than £ years ago (right censoring). Two patients were unavail- 
able for follow-up because they moved to a distant area, at 
whick time they were both without evidence of disease (pure 
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random censoring). Fmally, six patients were suddenly un- 
available for follow-up after prolonged observation, suggest- 
ing death as the cause of censoring. Since immediate, right, 
and pure random censcring do not affect the quality of surviv- 
al-analysis (except by decreasing sample size), we calculate 
“that the bias in our stazisties due to censoring should not 

exceed 4%. 

"Survival has been shown to be worse if multiple metastatic 
-nodules are present when the primary tumor is an osteogenic 
_ sarcoma,” soft-tissue sarcoma,”* or nonseminomatous testic- 

ular tumər.*” There is, however, no correlation between 

nodule number and prognosis when the primary tumor is a 

carcinoma.” In our series, we were unable to find a correla- 

tion between survival end the number of metastatic lesions at 
presentation. This might be due to the heterogenous popula- 
tion of patients, mosto? whom had a carcinoma as the primary 
tumor. Furthermore. patients with testicular tumors, who 
had the best 5-year survival rates, were also the one present- 
ing. with the highest average number of lesions (seven), 
- whereas patients with melanoma and breast cancer, which 
< have the worst prognosis, tended to present with only one 
“lesion. 
` Metastatic tumor size has been shown previously to be a 
predictor of survival for renal cell carcinoma.” In our series, 
the size of the largest metastasis was the most significant 
predictor of survival both by multivariate analysis and by 
arbitrarily splitting patients according to the median of the 
largest diameter. The cther predicting variable found to be of 
significanee by multivariate analysis was the disease-free 
interval. The usefulness of these findings is unknown. Cer- 
tainly we do not believe that patients should be denied opera- 
tions on the basis of the size of their metastasis or disease-free 
‘interval; on the other hand, these factors may help in decision 
making in borderline situations in which other clinical factors 
may favor or contraindicate an operation. 

We are currently using the following criteria for selection of 

: patients for pulmonary metastectomy. 
“1. On the basis of preoperative studies, especially CT of the 
chest, it is the surgeons judgment that all tumor can be 
removed. Single or multiple wedge resection will in most 
cases be adequate. Mere extensive resection is necessary only 
if the size or location of the tumor will not allow safe or 
complete wedge resection or, as is the case occasionally, when 
it is important to remove involved hilar nodes in continuity 

with the metastatic tumor. As noted previously, when a 

unilateral lesion or lesions are seen on CT, ipsilateral thora- 

cotomy is performed. This might be controversial when the 
primary lesion is a soft-tissue sarcoma or other primary tumor 
«frequently presenting with multiple lesions. Roth and co- 
- workers” compared the results of patients with soft-tissue 
- sarcomas preoperatively thought to have unilateral lesions 
who underwent median sternotomy vs unilateral thoracoto- 
my. Interestingly, 45% of their patients who were thought 
preoperatively to have unilateral disease by CT scan were 
found at the time of the median sternotomy to have bilateral 
lesions. A single peripheral lesion may be removed by means 
of a limited incision, whereas multiple unilateral lesions may 
require wider exposure. A median sternotomy approach is 
used for most bilaterai lesions. If the lesions are large or 
proximally located, staged unilateral thoracotomies may be 
indicated. Ifthe lesions are posteriorly placed in the left lower 
lobe, left thoracotomy sheuld generally be planned. Rotation 
of the heart, necessary tc expose this area from the anterior 
approach, may result in hypotension and arrhythmias. Le- 
_ sions peripherally located in all other lobes may generally be 
-removed by a median sternotomy incision, and all lobectomies 
and pneurzonectomies exeept for left lower lobectomy can be 
< done by this approachas well. 
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2. The patient should be able to tolerate the operation that 
is planned. The mortality and morbidity of operations to 
remove metastatic tumors to the lungs should be very low. 
We have had no in-hospital mortality, and morbidity has been 
minimal. 

3. The primary tumor should be under control. This is a 
good concept, but the definition usually needs amplification. 
The concept of control is sometimes uncertain, and certainly 
the length of time that the primary tumor has been under 
control may be influential. It may be more accurate to say that 
the primary tumor is not known not to be under control. 

4. There should be no tumor elsewhere. On occasion, for 
instance in testicular tumors, there may be retroperitoneal 
nodes involved at the time pulmonary metastases are re- 
moved. Both of these metastatic areas may be treated simul- 
taneously or at different times. An appropriate evaluation 
should be done in each instance before thoracotomy. The 
amount of investigation, however, might vary according to 
the primary tumor. Sarcomas, for example, tend to metasta- 
size directly to the lung; therefore, a thorough evaluation of 
the primary site by physical examination and bone scan and a 
CT scan of the chest are probably ail that is needed in preoper- 
ative evaluation. Carcinomas, on the other hand, may metas- 
tasize to different places at the same time, and therefore a 
more comprehensive evaluation should be obtained that in- 
cludes the liver. Particularly extensive evaluation should be 
carried out in patients with melanoma, in which the likelihood 
of disease somewhere else is high and the benefits from the 
thoracotomy minimal. In these patients, a CT scan of the head 
should also be obtained before subjecting the patient to a 
thoracotomy. 

5. There should be no other reasonable treatment available. 
As new chemotherapeutic agents become available, some 
may be found that will be curative for metastatic tumors. At 
the present state of our knowledge, most chemotherapy is 
palliative and does not replace surgical resection of metastatic 
tumors to the lungs. 

6. Special consideration should be given to melanoma me- 
tastases. Wong et al” reported a 31% survival rate in highly 
selected patients with melanoma who had normal brain, lung, 
and abdominal CT scans and a calculated tumor doubling time 
of greater than 40 days. Our experience is more limited, and 
our criteria for operation are perhaps less strict; this may 
account for the poorer results in our patients. It is interesting 
to note that eight of nine patients had solitary lesions, and still 
this did not contribute toward better survival. Perhaps the 
number of lesions is not as critical as the other factors de- 
scribed, and extremely stringent criteria should be applied in 
patients with melanoma before offering them the option of 
surgical excision of their metastatic disease. 
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Discussion 


KENNETH P. RAMMING, MD, Los Angeles, Calif: The 50% three- 
year cure rate in a multiplicity of tumors with a surgical mortality of 
zero in 140 patients demonstrates that surgery for pulmonary metas- 
tases is safe, first-line treatment in patients amenable to surgery, and 
all other treatment is adjunctive. The excellent results reflect a 
judicious selection of the appropriate patients for pulmonary resec- 
tion. That the disease-free interval of greater than 1 year is a signifi- 
cant prognostic factor, and that patients with smaller lesions have a 
more favorable outcome, is consistent with experience at UCLA. 
That survival is not related to the number of lesions is also consistent 
with our experience. We have found that patients with sarcomas 
more often have indications for pulmonary resection than do patients 
with other epithelial tumors. Patients with melanoma rarely benefit 
from resection of pulmonary metastases. 

In malignant tumors for which effective combinations of systemic 
agents exist, the ideal treatment of pulmonary metastases is the 
institution of a trial of chemotherapy. If there is favorable slowing of 
the doubling time, or even regression of the pulmonary metastasis on 
serial chest roentgenograms (a negative doubling time), such a pa- 
tient becomes an ideal candidate for surgical excision. After total 
excision of all gross tumor in the lungs, we treat vigorously postoper- 
atively, in an attempt to control any disseminated micrometastatic, 
clinically inapparent, residual tumor cells that may be present in the 
body. Excellent chemotherapy is available in patients with germ cell 
tumors, and aggressive surgical resection is indicated in these pa- 
tients. Chemotherapeutic agents such as high-dose methotrexate and 
cisplatin in combination with doxorubicin given preoperatively in 
patients with metastatic osteosarcoma results in a high response rate 
with a significant recurrence-free survival in over half of the patients. 
Although chemotherapy for soft-tissue sarcomas is not as effective as 
that for osteosarcoma, in patients who are properly selected, survival 
after resection for soft-tissue sarcoma should be between 30% and 
35%. Further studies are necessary to evaluate the impact of new 
agents such as ifosfamide on these soft-tissue sarcomas. 

There is no role for debulking of tumors to make some other 
treatment more effective. This may be possible in ovarian cancer, but 
it is not advisable for any of the tumors that the thoracic surgeon is 
likely to encounter. Even with so-called neoadjuvant therapy, subto- 
tally resecting tumors in the chest is never indicated. 

The approach to patients with pulmonary metastatic disease re- 
quires multidisciplinary input of medical oncologists who are familiar 
with solid tumor oncology as well as thoracic surgeons who are 
knowledgeable in chemotherapy and the effects of chemotherapy in 
tissues within the thorax, such as desmoplastic reaction encasing the 
pulmonary arteries and pleural surfaces, may be induced by pretreat- 
ment with chemotherapy. Such issues as pulmonary toxic effects and 
the timing of surgery after chemotherapy and radiation therapy are 
very important considerations in the treatment of these patients. 

Ten patients a year is somewhat low. Should we recommend sur- 
gery in patients who have less favorable risk factors than those 
presented here, particularly those whose disease-free interval is 
much shorter than 1 year? Is the doubling time criteria used, and 
what is the shortest disease-free interval the authors will accept? 

THEODORE X. O'CONNELL, MD, Los Angeles, Calif: The patients 
who were excluded are as important as the patients who were includ- 
ed in this study. The authors have told us that size is the primary 
criterion for selection. If this is the most important factor, then 
perhaps our medical colleagues should do chest roentgenograms and 
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CT scams more frequently to pick up these tumors that are less than 
1.5 cm. Or is size only a reflection of the inherent malignancy of the 
tumor and of doubling time? There is no mention of the use of doubling 
time as a selection of patients, whereas most of the other articles in 
the literature have used this technique. 

If roentgenograms are obtained every 6 or 12 months, slow-grow- 
ing tumors will be much more likely to be under 1.5 em and rapid- 
growing tumors greater than 1.5 em. Is the size criterion really a 
doubling time and a rapidity of growth criterion? 

JAMES E. GOODNIGHT, JR, MD, Sacramento, Calif: In most series 
of patients undergoing resection for pulmonary metastases, the sur- 
geon will find at operation one-third more nodules than are seen on 
preoperative imaging studies, and there are instances of unexpected 
bilaterzlity of the tumors. How many times did the authors find more 
nodules at surgery than on preoperative studies, suggesting that 
perhaps median sternotomy and examination of both lungs should be 
the staadard approach to this problem? 

DAV:D TAPPER, MD, Seattle, Wash: What happened to the surviv- 
al data on the osteogenic group? What about the testicular group? The 
authors mentioned that a large percentage of the lesions that they 
removed were, in fact, benign. Was this true in any of the other 
categories? Were a large percentage benign, and if so, did they 
represent changes in biologic characteristics? Is the wedge resection 
extensive enough? What percentage of the patients had recurrences 
in the previous incision? 

In the large Stanford group, is there a comparable group that the 
oncologists have looked at? In our own Wilms’ tumor study we also 
favor resection of solitary metastases. However, in a retrospective 
review by the oncologists in the National Wilms’ tumor study, they 
found 2 group similar to the surgical group. Have the authors’ oncolo- 
gists icentified a similar group? Would they be willing to study in a 
prospective fashion using some of the information that they have 
identified and randomize a group of individuals into either category? 
Would they be willing to treat some with multimodal chemotherapy 
and some with surgery? 

DONALD E. WAGNER, MD, Santa Monica, Calif: Was the thoracot- 
omy at this point in the patient's disease responsible for the increase 
in survival rate, or were there other factors after the thoracotomy, 
such as radiation therapy and chemotherapy? A 1.5-em tumor in the 
lung isvery small. 

RICHARD G. FOSBURG, MD, La Jolla, Calif: This report provides 
validity to the observations that the smaller lesion and the longer 
disease-free interval are important determinants of outcome. One 
third of the patients referred as candidates were excluded. The 
authors have not identified the basis for elimination. I find this as 
important as those who were subjected to the procedure. 

Have the authors learned any subtleties that can tell us why 
patiencs are not good candidates? I have always waited at least 3 
months before subjecting patients to resection for metastatic lung 
nodules to document freedom from additional new nodules. The 
authors leave unstated the number of patients who died of their 
tumors, and, more importantly, they do not tell us whether the 
deaths were due to the primary or metastatic sites. I am curious as to 
whether they tabulated those who subsequently demonstrated addi- 
tional ung metastases and the reasons why the additional resections 
were rot undertaken. 

All patients subjected to a resection were judged to be free of 
disease elsewhere. Can we learn anything by analyzing the sites of 
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their subsequent demorstration? Would a delay in resection have 
permitted the recognition? 
Eighteen percent of their patients were identified as presenting 
with symptoms, but we were not told their nature. Is there any 
_ Message associated with symptoms, since the patients were pre- 
sumed to have met the criteria that the primary tumor was under 
_ control and that there was no evidence of disease elsewhere? 
: <: Why is there such a failure with solitary nodules when they are 
“melanoma, breast, or bladder secondaries? Are we prematurely sub- 
: jecting these patients to resection? Are we coming too close to 
-identifying a number that we should regard as a deterrent to resec- 
tion? I suggest to the authors that maybe another report lies in the 
analysis of their failure rather than representing their successes. 
ORLO H. CLARK, MD, San Francisco, Calif: I would recommend 
that patients with pulmonary metastases from endocrine tumors 
should be strongiy considered for removal of these tumors. These 
patients often live for years with metastatic disease and often die of 
< metabolic disease rather than of the tumor. Our group has treated 
‘pulmonary metastases due to medullary thyroid cancer, follicular 
thyroid cancer, parathyrcid cancer, and other metastatic endocrine 
tumors, and most of these patients have done very well. 
~~ JOHN R. BENFIELD, MD, Sacramento, Calif: Magnetic resonance 
< imaging and CT seanning are an imperfect art. In our experience with 
“operation in patients with lymphomas (Ann Thoracic Surg. 
1987-44:363-369), fully 8& of the patients who were thought to have 
lesions likely to be lymphomas turned out to have other diseases or 
not to have cancer at all. Patients with a preoperative diagnosis of 
metastatic lung cancer who are proved by operation not to have lung 
cancer are provided an important service by the operation. If preop- 
` erative chemotherapy is to be given, it is important to be absolutely 
“certain that these patients have metastases; one should not rely on a 
history of cancer and positive CT or magnetic resonance findings. 

“u How far should one push cperation in the management of metasta- 

ges? What is the Emit? Eow many thoracotomies should be done for 
“such patients? Our general policy is that one operation for presumed 

or proved metastasis is perfectly appropriate; a second operation is 
sometimes indicated. In my opinion, a third operation to resect 
~ metastases is rarely, if ever, indicated. 

-. leonsider segmentectemy the operation of choice for the treatment 
of metastases when wedge resection is not adequate. Why did the 
"authors use segmentectcmy to accomplish resections in any of their 
“patients? 
`- DR MARK: There may be other reasons besides therapeutic resec- 

tion to do thoracetomies in patients with metastatic tumors to the 

lungs. One may be for analysis of estrogen or other receptors. There 

may be development of monoclonal antibodies for growing tumors to 

test them against certain chemotherapeutic agents, but the main 
-reason for operation in these patients is with curative intent. 

Dr Fosburg, we operate on any patients who we think can stand to 

be operated on and in whom we think we can resect all the lesions, 

even if we operate on them two, three, or four times. We have 
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operated as many as five times, and others have operated many more - 
times than that if there are no alternative forms of treatment. We 
have one patient with renal cell metastases on whom we have operat- 
ed five times. 

The concept of temporizing after seeing the lesion the first time and 
waiting for semething to happen has never appealed to me very much. 
If you have 2 melanoma or something that is rapidly growing or an 
exceptionally short disease-free interval, it may be advisable. We 
have had patients who presented with their primary tumor and their 
lung metastasis at the same time. The referring surgeon has operated 
on the primary tumor, and once the patient has recovered, say in a 
few weeks, we have operated on the lung metastasis. It is better te 
say we know the primary tumor is not under control. We would not do 
that if we knew there was recurrent primary tumor. 

The deaths in these patients were usually due to metastases else- 
where or lack of control of the primary tumor, not of recurrence of the 
lung lesions. The symptoms were pain, obstructive symptoms, and 
hemoptysis. We had few endocrine tumors. A couple of the thyroid 
tumors have had endobronchial and endotracheal metastases. They 
were not included in this study. Things such as size of the tumor, 
number of lesions, and disease-free interval, which can be quantitat- 
ed, were more apt to be reasons for operating on patients. 

Dr Benfield, if you have a patient with melanoma and a solitary lung 
lesion, that is most likely to be melanoma. If you have a patient witha 
breast cancer and a solitary lung lesion, that is more likely to be a 
primary lung cancer, Breast cancer is not apt to be a solitary lesion, 

We do segmentectomy and include that in the lesser resections, but 
not often. Wedo not hesitate to use it, but we believe that an adequate 
wedge resection is satisfactory when it can be carried out. Only two 
patients have had recurrences in the area of the wedge resection. 
Another more than 40 patients have had recurrences in other areas. 
Overall, 34%-of the patients had lesions that were single, metastatic 
lesions to thelung. 

Dr Thomas, it is true in testicular carcinoma that a number of the 
lesions are benign, either scar tissue or benign tumor. Ten patients 
had benign tumors or scar tissue, and eight had residual testicular 
carcinoma. The cure rates in those were 87% for the benign lesions 
and 62% for the ones with the residual tumor. These differences were 
not statistically significant because of the small numbers. 

Another indication for operation in the testicular tumors is for 
staging. If there is residual cancer, the patient gets more chemo- 
therapy. If there is not residual cancer, he or she does not. 

Unexpected bilaterality was quite rare, but it certainly does hap- 
pen. It is not-expected to have more lesions than are seen on the CT 
scan. This is usually in lesions that are already bilateral, and that we 
are doing median sternotomy to take care of. 

Dr Tapper, to our knowledge the oncologists are not following up 
these patients without operation. It would be nice if we had the 
courage to do a randomized, prospective study on patients with 
metastatic lesions to the lung and operate on some and not operate on 
others. I am afraid that it is not going to happen any time soon. 
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Heterotopic Tissue in Lymph Nodes 


An Unrecognized Problem 


Mark P. Sawicki, MD; Thomas J. Howard, MD; Edward Passaro, Jr, MD 


e Heterotopic tissue in lymph nodes is both unknown to clini- 
cians and a potential source of confusion with metastatic dis- 
~ ease. We reviewed the English literature and found 289 cases of 
heterotopic tissue in lymph nodes. The majority (84%) of these 
‘patients were operated on for malignant neoplasms. The most 


R frequent sites of occurrence was the pelvis (67%), followed by the 


axilla (14%), neck (14%), groin (3%), abdomen (2%), and mediasti- 
num (less than 1%). The tissue seen is site-specific and frequent- 
ly resembles a neighboring organ. Three cases have been re- 
ported in which heterotopic tissue was mistaken for metastatic 
disease. These cases illustrate the importance of being familiar 


- > with heterotopic tissue in lymph nodes and identifying it when it 


: does occur, to avoid inappropriate therapy. 
(Arch Surg. 1990;125:1394-1399) 


t is not well known that heterotopic tissue may occur in 
lymph nodes. To our knowledge, there are no thorough 

reviews in the literature and its occurrence is only briefly 
~ mentioned in pathology textbooks.” This heterotopic tissue 


. ` consists of aggregates of benign-appearing cells arising ecto- 


pically in lymph nodes. Because this tissue frequently resem- 
bles a neighboring organ, it may be misdiagnosed as metastat- 
ic disease. 

Heterotopic tissue has been reported to occur in lymph 
<c nodes in the pelvis,** groin,°* abdomen,”* mediastinum,’ axil- 
Jay and neck.” A wide variety of tissues have been found, 
such as miillerian,* breast,” pancreas,* nevus,” and thyroid.” 
It is distinguishable from metastatic disease by its benign 
morphological characteristics. The histological appearance 
varies from cystic, glandular, or tubular structures to clus- 
ters of cells arranged in nests or cords. The tissue generally 


`- occupies a small portion of the lymph node and is usually 


_ clinically silent. 

“i: Due to the variation in the histologic appearance of hetero- 
topic tissue in lymph nodes, many synonyms were used to 
describe this tissue. They have been referred to as choristo- 
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mas,” benign glandular inclusions,’ heterotopic tissue,* non- ` 
neoplastic tissue,’ benign epithelial inclusions," and aberrant 
tissue.” We prefer the designation heterotopic tissue in 
lymph nodes, because it encompasses various histologie types 
of tissue. 

The purposes of this study were to review the English 
literature to (1) make the clinician more aware of heterotopic 
tissue in lymph nodes and their clinical importance; (2) identi- 
fy whieh lymph node groups have been reported to contain 
heterotopic tissue; (8) identify the types of tissue involved; ` 
and (4):determine the frequency of occurrence at the different 
node groups. 


METHODS 


Using the National Library of Medicine database, the English 
literature from 1897 to 1989 was reviewed. We excluded almost all 
cases of so-called lateral aberrant thyroid. Prior to 1948, this term 
referred to normal or pathologic thyroid tissue located lateral to the 
internal jugular veins.“ This thyroid tissue was often located in 
lymph rodes. Several reports stated that benign-appearing thyroid 
folliclesin cervical lymph nodes could represent metastatic carcinoma 
from anoccult thyroid primary site." For thyroid follicles in cervical 
lymph nodes to be considered benign, a coexisting thyroid carcinoma 
must be excluded. This can be accomplished by performing subserial 
sections of the entire thyroid gland at sufficiently small intervals to 
exclude a neoplasm. Therefore, the only cases of heterotopic thyroid 
tissue included in this review are those in which the entire thyroid 
gland was subserially sectioned at 5-um intervals. 


RESULTS 


A total of 289 cases were reviewed. The data are presented 
by tissue type in Table 1. 


Pelvis 


The majority of reports on heterotopic tissue have been in 
pelvic ymph nodes from lymphadenectomies for gynecologic . 
disease. There were 20 such reports with 194 patients re- 
ported.**”" The ages ranged from 12 to 77 years (mean, 40 
years [n=30]). One hundred sixty-five (89%) of 186 patients 
were operated on for malignant disease (Table 2). The hetero- 
topic tissue did not affect their prognosis.” Twenty-one (11%) 
of 186 patients had benign disease; however, no follow-up data 
are available. 

The incidence of heterotopic miillerian tissue in pelvic 
lymph nodes varies from 2% to 34%.” The highest incidence 
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Unclassified 


: Table 2.— Heterotopic Tissue (Millerian) 
: in Pelvic Lymph Nodes 


No. of 
Primary Disease Patients Reference No. 
Malignant 
Cervical cancer 135 4, 20, 22, 27, 31, 


32, 34, 35, 37 


4, 22, 25, 26, 28, 
31, 32, 34 


Uterine cancer 




















Ovarian cancer 7 21, 22, 31, 34, 35 
Vaginal cancer 2 4,35 
Urethral cancer 1 25 
Anal cancer 2 4 
Bladder cancer 1 36 
Rectaticancer 1 35 
5 


_ Not specified 





Uterine leiomyoma 
Endometriosis 
Endosaipingiosis 





» (84%) wasreported in women operated on for cervical carcino- 
~ma.” Remarkably, there have not been any reports of hetero- 
topic tissue in the pelvic lymph nodes of men. One autopsy 
study reperted that seven (14%) of 50 female and no male 
“autopsy specimens contained heterotopic tissue.’ 
-The distribution within the pelvis in one series was as 
follows: iliac, 18%; hypogastric, 52%; and obturator, 35%.” 
The majority were occult, but occasionally they enlarged the 
- lymph node sufficiently tc make it abnormal.“ Usually one or 
~ twolymph nodes were involved, but as many as three or more 
_ were noted.* 
_ Although the histologic appearance varied, some common 
features emerged.**”” The tissue resembled the epithelium 
_ lining the female genital tract (miillerian). Heterotopic tissue 
was reported in pelvic tymph nodes of women with malignant 
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Table 1. T Hetercaopio Ti Tissue in Lymph Nodes 


Table 3.—Heterotopic Tissue in Inguinal Lymph Nodes ' 








Table 4.—Heterotopic Tissue in Abdominal Lymph Nodes 


No. of 


eee Disease Patients Tissue 












Benign 
Cholecystitis 1 
Kidney aagiomyolipoma Angiomyolipoma 


Autopsy Pancreas 





neoplasms and benign disease; the appearance of the hetero- 
topic tissue was the same in both instances.‘ 

Coexistertt heterotopic tissue and metastases were seen in 
10 patients.**”* In contrast to the metastases, the hetero- 
topic tissue appeared remarkably benign. This was particu- 
larly evident in three patients in whom the metastatic tumor 
was of squamous cell origin while the heterotopic tissue had a 
glandular appearance.*” 

Carcinoma arising in heterotopic tissue is very rare. There 
is one report of an adenocanthoma arising in an endometriotic 
cyst in an obturator lymph node. The patient underwent 
radical hysterectomy and pelvic node dissection for a superfi- 
cially invasive adenocarcinoma of the endometrium.” 


Groin 


There were nine cases of inguinal lymph nodes. The ages 
ranged fronr8 to 61 years (mean, 38 years). Five (55%) of nine 
were male, and all were operated on for malignant neoplasms 
(Table 3). Coexistent heterotopic tissue and metastatic dis- 
ease was not reported. There were eight instances of benign 
nevus cells in inguinal lymph nodes.** Heterotopic tissue, 
which was unclassifiable, was found in an inguinal lymph node 
of a 52-year-old woman who underwent bilateral groin dissec- 
tions for malignant melanoma.* 


Abdomen 


Seven patients had abdominal lymph node involvement 
(Table 4); four were operated on for malignant neoplasms. 
There were no reports of coexisting metastatic disease and 
heterotopic tissue. Two of the patients were operated on for 
benign disease; however, no follow-up data were available. 

Heterotopic pancreatic tissue was reported in four cases 
(B. S. Bhagavan, MD, unpublished data, 1990).*"” Pancreat- 
ic tissue was found in four lymph nodes around the common 
hepatic artery during a subtotal gastrectomy for adenocarci- 
noma of the stomach.” The pancreatic tissue was composed of 
glandular acini, ducts, and islets of Langerhans. Cystic 
glands and a 0.2-em nodule of normal-appearing pancreatic 
tissue were embedded in a celiac lymph node in a 50-year-old 
woman undergoing cholecystectomy.” Heterotopic pancreat- 
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Table 5.—Heterotopic Tissue in Cervical Lymph Nodes 


No. of Reference 


Primary Disease Patients Tissue No. 


Malignant 
Laryngeal cancer 


Epidermoid cyst 





Acquired immunodeficiency 
syndrome 





Table 6. — Heterotopic Tissue in Axillary Lymph Nodes 


Reference 
No. 










Primary Disease Banal Tissue 





5, 11, 49, 53 


Unclassifiable 
Nevus 





Basal cell cancer 


Benign 
Fibrocystic disease 






Axillary mass 


ic tissue was found in a celiac lymph node of a 44-year-old 
woman undergoing gastrectomy for adenocarcinoma of the 
stomach.’ Heterotopic islets were seen in the peripancreatic 
lymph nodes of a 56-year-old man who died of end-stage liver 
disease (B. S. Bhagavan, MD, unpublished data, 1990). At 
autopsy, one peripancreatic lymph node was found to contain 
anest of islet cells that stained positive for insulin, glucagon, 
and pancreatic polypeptide, and negative for gastrin and 
somatostatin. Acini and ducts were absent. Serial sectioning 
of the pancreas did not reveal a pancreatic neoplasm. 

Unelassifiable heterotopic tissue was reported in two 
lymph nodes along the left renal vessels of a 55-year-old 
woman with Crohn’s disease.’ The patient was found to have 
moderately differentiated adenocarcinoma of the ileocecal 
valve area and a benign renal oncocytoma. 

An unusual case of heterotopic tissue was that of an angio- 
myolipoma present in both a para-aortic lymph node and the 
right kidney of a 42-year-old woman undergoing exploration 
for aright kidney mass.’ The kidney and the lymph node had a 
similar histologic appearance. 

Heterotopic tissue resembling colonic mucosa was seen in a 
mesenteric lymph node of a middle-aged woman undergoing 
left partial colectomy following excisional biopsy of an adeno- 
carcinoma arising in a villous adenoma of the colon.“ The 
tissue consisted of benign colonic mucosa cells, smooth-mus- 
cle cells, and a polymorphous mixture of inflammatory cells. 
No malignant cells were seen. 
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Mediastinum 


Heterotopic tissue with unclassifiable histologic features 
was found in a mediastinal lymph node obtained at autopsy of 
an 87-year-old man who died of myocardial infarction.* 


Neck 


There were 39 patients with heterotopic tissue in cervical 
lymph nodes (Table 5). Their ages ranged from 14 to 84 years 
(mean, 45 years). Eighteen (90%) of 20 patients were male and 
the majority, 11 (73%) of 15, were operated on for benign 
disease. There were no reports of coexisting heterotopic tis- 
sue and metastatic disease. 

There were several reports of thyroid follicles arising in 
lymph nodes, *“"* but in only two was the entire thyroid gland 
subserially sectioned at 5-~m intervals to exclude an occult 
malignancy.”” In one heterotopic thyroid, follicles were 
found in five of 106 autopsies.” Multiple lymph nodes were 
involved in two. The thyroids were subserially sectioned at- 
5-yum intervals. A single papillary carcinoma 2.2 mm in diame- 
ter was found in the contralateral lobe of one of these patients; 
the heterotopic tissue was not thought to represent a metas- 
tasis because it was unlikely to have metastasized to a contra- 
laterallymph node. 

In the other case, carcinoma was found arising in heterotop- 
ic thyroid tissue.” A papillary thyroid carcinoma was found in 
a left apper jugular lymph node in a 14-year-old girl. After 
total thyroidectomy, subserial sectioning of her entire thy- 
roid gland at 5-.m intervals failed to reveal a primary site. 
Heteretopic parotid tissue has been reported in periparotid 
lymph nodes."* In 19 consecutive autopsies of infants, all 
were found to have normal parotid tissue in the periparotid 
lymph nodes.” Heterotopic parotid was seen in three lympha- 
denectomies for a neck mass and a fourth for melanoma. 
Heteretopic parotid tissue was seen in the periparotid lymph . 
nodes of six patients with acquired immunodeficiency syn- 
drome who were being evaluated for a neck mass.“ The 
histologic features of this tissue appeared to be normal parot- 
id. Two of these patients developed lymphoma after opera- 
tion. In limited follow-up (1 to 3 years), three of the remaining 
patients did not develop clinical signs of malignancy. Hetero- 
topic nevus cells were seen in patients operated on for laryn- 
geal carcinoma,” epidermoid cyst,” and malignant melano- 
ma. 5,11 


Axilla 


There were 39 cases in axillary lymph nodes (Table 6). The 
ages ranged from 17 to 82 years (mean, 47 years), and 23 (59%) 
of 39 patients were women. Thirty-two (82%) of 39 were . 
operated on for malignancy. In the patients operated on for 
benign disease, no follow-up data were available. There were 
five patients with heterotopic breast tissue. Only one was 
operated on for associated breast cancer.“ The other four had 
benigr breast lesions”*” or no breast disease.” 

There have been 33 reports of benign nevus cells in axillary 
lymph nodes.™™™ In one series, the incidence of nevus cells 
was 6.2% for patients undergoing axillary node dissections for 
breast cancer and malignant melanoma.’ Coexistence of het- 
erotoric tissue and metastatic disease was seen in two cases of 
malignant melanoma. The nevus cells were easily distin- 
guished from the metastatic disease by the benign appear- 
ance cf the heterotopic tissue. There was one case report of 
unclassifiable benign glandular heterotopic tissue found in an 
axillary node of a 44-year-old woman who underwent a left 
modified radical mastectomy for infiltrating ductal carcino- 
ma.° 


COMMENT 
Sinee the first report nearly a century ago,” heterotopic 
tissuehas been reported in lymph nodes throughout the body. 
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In this review, there were a total of 289 cases of heterotopic 
tissue. The number. of cases reported probably underesti- 
mates the actual incidence. While many cases have been 
< Yeported, there have been surprisingly few prospective or 
retrospective series. In one series, heterotopic tissue was 
_ seen in pelvic lymph nodes of 14% of female autopsy speci- 
mens." In another series, all of 19 consecutive autopsies of 
-infants disclosed parotid tissue in periparotid lymph nodes.” 
_ These studies suggest that heterotopic tissue occurs more 
frequently than is currently known. 
In this review, the most frequent site of occurrence was the 
“pelvis (194 [67%] of 289), followed by the axilla (89 [13%] of 
289), neck (89 [18%] ef 289), groin (9 [3%] of 289), abdomen (7 
[2%] of 289), and mediastinum (1 [<1%] of 289). The ages 
ranged from 8 to 87 years with a mean of 46 years (n= 102). 
Two hundred twenty-eight (84%) of 270 of the patients were 
women. Most eases have been reported in women due to the 
large number of reparis of heterotopic tissue in pelvic lymph 
nodes obtained during operation for gynecologic disease. Het- 
-erotopie tissue was usually found incidentally during lympha- 
 denectomies for other disease, most often malignancy. Fre- 
“quently one or two lymph nodes were involved, but as many 
‘as three or more contained heterotopic tissue. Large nodules 
or cysts may enlarge the lymph node sufficiently to make it 
abnormal. Since this tissue is frequently found near malig- 
> nant neoplasms in many instances, the possibility of this 
` tissue representing metastatic disease cannot be entirely 
excluded. 
In 214 (84%) of 255 cases, heteropic tissue was found in 
“patients undergoing lymphadenectomy for malignancy. This 
_. is probably due to case selection. The histologic appearance of 
the heterotopie tissue was similar in patients operated on for 
either benign or malignant disease. Coexistence of heterotop- 
`- ie tissue and metastatic disease was reported in 12 patients. 
o These tissues were easily distinguished because of the strik- 
ingly benign histologic appearance of the heterotopic tissue 
i compared with the metastatic tissue. In addition, in three 
< cases the malignancy was of squamous cell origin while the 
heterotopic tissue appeared glandular. 

Heterotopic tissue in lymph nodes is site specific. For 
example, parotid tissue is seen in lymph nodes near the 
- parotid gland, but not in the pelvis. This is in contrast to other 
instances of ectopic tissue not contained in lymph nodes; for 
example, adrenal tissue may be seen in the testes.” In these 
instances, the tissue is far removed from its normal anatomic 
position. The origin cf heterotopic tissue in lymph nodes has 
been a matter of speculation. While several theories have 
been proposed to explain the histogenesis of heterotopic tis- 
i ¿pue at each site, a single unifying theory has not been ac- 
cepted. Most of the discussion has focused on pelvic and 
cervical lymph node regions. 
< Several of the following theories have been proposed to 
explain the histogenesis of miillerian tissue in pelvic lymph 
nodes: (1) lymphatic spread”; (2) metaplasia of lymph node, 
subcoelomic mesenchyme, or peritoneal mesothelium? t77; 





(3) endometriosis”; and (4) admixture of lymph node cells and- 
tissue during embryogenesis.” The most widely accepted 
theory for the histogenesis of miillerian heterotopic tissue is 
that of metaplasia of subcoelomie mesenchyme.”” Although 
this is the most plausible theory, there are no studies that 
prove or disprove its basis. Furthermore, there may be more 
than one mechanism involved. 

For heterotopic tissue in cervical lymph nodes, the most 
widely accepted theory is that an admixture of cells occurs 
during embryogenesis.” During development, lymph nodes 
are formed from lymph sacs at the same time that thyroid and 
parotid glands are migrating and developing.” It is possible, 
albeit unproven, that these tissues intermingle and result in 
heterotopic tissue in lymph tissue at that time. 

Heterotopic tissue in lymph nodes is usually clinically silent 
except for those cases in which the lymph node enlarges 
sufficiently to be palpated or, as in one particular case, ob- 
struct a ureter.” Very rarely, carcinoma has been reported to 
arise in heterotopic tissue.” In these cases it is very impor- 
tant to exclude the possibility of a primary tumor elsewhere. 

There were a few reports of heterotopic tissue being mis- 
taken for metastatic carcinoma. A 40-year-old woman under- 
went unnecessary chemotherapy and radiation therapy for 
what was thought to be recurrent breast cancer 5 years after a 
left modified radical mastectomy. ® During a routine follow-up 
appointment 7 years later her pathologic report was reviewed 
and the diagnosis changed to heterotopic tissue in an axillary 
lymph node. A 20-year-old woman was diagnosed as having 
metastatic adenocarcinoma after appendectomy.” After ex- 
ploratory laparotomy with lymph node and peritoneal biop- 
sies, the diagnosis was changed to endosalpingosis with 
lymph node involvement. A 70-year-old woman with transi- 
tional cell carcinoma of the bladder underwent radical cystec- 
tomy and ileal conduit diversion.” Definitive pelvic lymph 
node dissection was not performed because the frozen section 
of a random lymph node biopsy showed metastatic adenocar- 
cinoma. Permanent sections of the lymph node were diag- 
nosed as heterotopic miillerian tissue. 

On finding benign-appearing tissue in lymph nodes during 
lymph node biopsy or lymphadenectomy, several consider- 
ations should be given in the final diagnosis. First, heterotop- 
ic tissue is more common than expected, particularly in pelvic 
lymph nodes, and finding this tissue should not be dismissed 
as a rare entity. Second, in most instances this tissue is 
glandular, while the patient’s primary disease may often be a 
squamous cell carcinoma. Third, frozen sections are inferior 
to permanent sections for establishing this diagnosis.” In 
cases in which the diagnosis is doubtful, consideration should 
be given to waiting for permanent sections before proceeding 
with definitive therapy. Finally, a wide variety of heterotopic 
tissues may be seen in lymph nodes and every effort should be 
made to exelude a primary malignancy at the suspected site. 
If this approach is followed and the occurrence of heterotopic 
tissue in lymph nodes is recognized, misdiagnosis can be 
avoided and appropriate therapy may be given. 
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Discussion 


ORLO H. CLARK, MD, San Francisco, Calif: When benign tissue in 
lymph nodes is mistaken for metastatic disease, unnecessary treat- 
ment may be used. It seems to me that heterotopic tissue most likely 
occurs as a result of an abnormality in embryogenesis. 

The problem of heterotopic tissue situated in lymph nodes is not 
rare. Benign glandular inclusions were observed in 5% to 41% of 
patients operated on for gynecologic cancers and in 6.7% to 14% of all 
women at autopsy.” These glands resemble tubal and ovarian germal 
epithelium (distinguished from endometriosis by the absence of endo- 
metrial stroma) and appear to represent miillerian duct epithelium. 
Heterotopic thyroid tissue in cervical lymph nodes or “lateral aber- 
rant thyroid” represents a more difficult clinical problem since meta- 
static papillary and follicular thyroid cancer can completely resemble 
“normal thyroid tissue histologically. All of the patients I have treated 
"> with palpable nodes in the lateral neck containing thyroid tissue have 
had an occult or larger thyroid cancer in the ipsilateral side of the 


cs thyroid gland. It may be very difficult to distinguish between ectopic 


normal or malignant thyroid tissue because the thyroid tumors are so 

` well differentiated. Heterotopic tissue usually occurs in normal-sized 
nodes and is typically situated at the periphery of the node. 

Taptiklis (in 1967) gave intravenous injection of normal thyroid 

> cells to mice and showed formation of intrapulmonary nodules of 

` thyroid tissue that appeared histologically normal and also were 

stimulated by thyroid-stimulating hormone. Baker” documented 

that with advancing age, normal thyroid follicles in fish could invade 

other organs including kidney, spleen, eye, and brain. Luckily, this 

situation does not seem to occur clinically. Recent data suggest that 
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breast tumors and melanomas that metastasize have an altered actin- 
fibronectin cystoskeletal system. Perhaps in the future, biochemical 
and immmnohistochemical studies will help the pathologist and clini- 
cian dist:nguish between a well-differentiated metastatic tumor and 
benign heterotopic tissue in lymph nodes. 

I do net accept the authors’ conclusion of diagnosing thyroid tissue 
as ectopic when no lesion less than 5 ym in diameter is found in the 
thyroid. For example, would they use the same definition if the nodes 
were palvable and contained thyroid tissue? Do the authors think that 
ectopic revi in lymph nodes may account for the 4% of patients who 
have me:anoma in nodes, but no primary site is ever found? What is 
the authors’ personal experience with this problem, especially near 
the pancreas? 

BRUCE E. STABILE, MD, San Diego, Calif: I am concerned about 
some of zhe cases included i in this series, specifically the lack of any 
real follcw-up. Sawicki et al are making these definitions primarily on 
morphohgic criteria, and morphologic and biologic behavior some- 
times ar2 inconsistent. 

The cther issue the authors should address is the fact that an 
overwhelming number of these cases occurred with lymph node 
dissectiens associated with malignant disease. Although many of the 
tissues Sound in lymph nodes were incompatible with the primary 
tumor resected, a number of them certainly were. Why do we have 
such a dscrepancy between autopsy study material and the histologic 
materia. retrieved from surgical cases? Are we seeing cases that are 
being celled heterotopic that really reflect occult malignancy or ma- 
lignancy wherein the primary tumor regressed? 
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_ > WILLIAM B. HUTCEINSON, MD, Seattle, Wash: At the Surgical 
Cancer Consulting Service at the Pacific Northwest Research Foun- 

dation in Seattle, I saw ar 18-year-old boy from Alaska a few years 
ago. He was a huge boy, very muscular, and had a 1-em nevus on the 
__ skin of his left axilla. The rode and the skin lesion had been removed 






by the surgeon in Alaska and interpreted as a metastatic melanoma. 
_On our review of the slides, the lymph node was seen to contain only 
S benign nevus cells within the node capsule. The skin lesion was a 
benign spindle and epithelioid nevus of the Spitz type. Observation 
rather than amputation was advised. 
“DONALD E. WAGNER, MD, Santa Monica, Calif: Was the hetero- 
_ topic tissue primarily cr always in the periphery of the lymph node 
<: and is this a good means of distinguishing between metastatic disease 
-and primary disease? Have you had any documented cases of primary 
<: malignant neoplasms developing in this heterotopic tissue? I recently 
reviewed «a patient whe had a total mastectomy for prophylactic 
= reasons 20 years ago and new has a lobular carcinoma in a lymph node 
on the same side. 
co CLAUDE H. ORGAN, JR, MD, Oakland, Calif: The lymphatics 
‘continue to be the system of mystery. I rise to bring up three specific 
cases related to Dr Pasaaro’s presentation. First, regarding thyroid 
-< cancer, I subscribe to the concept that lymphatic tissue in lateral 
cervical nodes is pathognomonic of thyroid carcinoma until proven 
-otherwise because this gland arises from a midline primordia. How- 
ever, the parafollicular cells come from the ultimobranchial body, 
which is a lateral primordia. Theoretically, you can have normal 
thyroid tissue in the lateral cervical areas that might not represent 
` carcinoma, For all practice] purposes you have to consider it to be 
< carcinoma until proven otherwise. 
= Second, I have seen two primary melanomas arise from lymph 
nodes. after the $10 009 workup and biopsy of every skin lesion 
-imaginable and all types of endoscopy failed to reveal a primary. 
These patients have hac a long-term survival. We are aware of cases 
reported of a mother with melanoma in which a melanoma was 
_ present at birth in the infant; both died within the first year of life. 
. The third example is the nodal gastrinoma. I have observed hyper- 
gastrinemic patients considered to have a primary in the pancreas. At 
. exploration, the lesion was found in a lymph node. The lymph node 
-only was excised. They have returned to eugastrinemic levels. I have 
-< geen this twice and in each instance, the pancreas has been thorough- 
y explored, and contrary to what we all have been recently taught, 
we could find no identifiable tumor in the duodenum or elsewhere. 
Lymph nodes may produce tumors that can elaborate regulatory 
“peptides and biogenic amines. 
The apudoma concept has been uncritically accepted as fact. There 
is much supporting data that these tumors can arise from endoder- 
<- mal- and mesodermal-derived tissues. The Pearce concept of their 
< ultrastructural characteristics is plausible. His evidence on the neu- 
ral crest origin of these tumors is less compelling. Any cell in the 
body, with:proper DNA programming, can be totipotential. 
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DR PASSARO, JR: Our information about gastrinomas has evolve 
to where we understand that there is a species of gastrinoma call 
nodal, ie, contained solely within the lymph nodes. As Dr Stabile has 
pointed out, they occur in a certain area of the abdomen. We madea 
number of predictions to explain the presence of nodal gastriiomas. 
One was that in addition to the nodal gastrinomas, there should be _ 
heterotopic pancreatic tissue within lymph nodes found in the same 
areas, namely, on the right side of the abdomen. ; 

We thought we could never get to address that question and did not 
expect there to be any relevant literature. The first thing that we 
found was that no one knew anything about heterotopie tissue in 
lymph nodes. The search in the literature revealed the following: 

1. It was much more common than we had anticipated. 

2. There was a preponderance of tissue in lymph nodes in women, - 
Among men, there are no wolffian duct structures found within 
lymph nodes and they have been looked for prospectively. We have to” 
explain the difference. Why are they so common in women, and why 
are they absent in men? Be 

3. The true incidence of heterotopic tissue in lymph nodes is un- 
known; our study is retrospective. In a prospective study of 19 infants 
in which cervical parotid tissue was looked for, it was found in every 
case. That is striking. 

We need to know if heterotopic tissue in lymph nodes is a very 
common event, if somewhere in the postnatal period, those tissues 
are allowed to die or regress, or are all swept away by the body. 

The last point is about differentiation. Maybe the tissue contained 
within the lymph nodes has a level of differentiation or dedifferentia- 
tion that is different from its normal tissue counterpart. As.a specific 
example, parotid tissue contained within lymph nodes may be dedif- 
ferentiated in contrast to normal parotid tissue. We are now at a level 
of sophistication, I think, in molecular biology to begin to address 
those questions. 

Dr Clark, heterotopic tissue is more common than we suspect and 
in the vast majority of individuals, it probably regresses. Dr Organ, 
you have asked very important questions, both about thyroid cancer 
and nodal gastrinoma. In fact, as I have indicated, it was nodal 
gastrinoma that led us to investigate heterotopic tissue in lymph 
nodes. Dr Thomas, we do not know if these tumors arise as an. 
intermingling of lymphoid tissue from metaplasia, I looked at it as 
representing an intermingling of lymphoid tissue, which is probably a 
common event. Dr Wagner, is heterotopic tissue ‘always found at the 
periphery of the node? The answer is, very nearly always. There have 
been a few instances in which it has been found in the center of the 
node. Also, a malignancy has been noted within such nodes. Two case 
reports in the literature documented that. 

There is no follow-up information with regard to these cases since 
these reports are found in the pathology literature. Why is it so 
infrequent at autopsy? I suspect that it is a sampling error in not 
asking the appropriate question. 
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| Reoperative Surgery for the Morbidly Obese 


_ A University Experience 


Joe A. Cates, MD; Ernst J. Drenick, MD; Mohammed Z. Abedin, PhD; Jeff E. Doty, MD; Kimberly D. Saunders, MD; Joel J. Roslyn, MD 


@ Patients who undergo surgery for morbid obesity are often 
subjected to reoperation for a wide array of indications. To evalu- 
ate outcome following revisional procedures, we reviewed the 
records of 32 such patients treated at UCLA between April 1986 
and May 1989. Twenty-five women (78%) and 7 men (22%) with a 
mean age of 44 years underwent 76 reoperations (2.4 per patient) 
for complications of prior obesity surgery. Indications for initial 
surgical revision consisted primarily of metabolic derangements 
(12 patients) and weight-related problems (11 patients). In con- 
trast, indications for the patients’ final surgical procedure were 
commonly for bowel obstruction (41%), intra-abdominal sepsis 
(12%), and gastrointestinal bleeding (6%). Following initial revi- 
sion, 23 patients (71.8%) required further surgery for major com- 
plications and four patients died (12.5%). While initial revisions 
are frequently indicated for metabolic problems, final reopera- 
tions are more frequently undertaken for urgent, life-threatening 
complications. Revisional procedures for morbid obesity should 
be carefully considered, and the potential for major complica- 
‘tions and/or death should be weighed heavily against proposed 
benefits. 

(Arch Surg. 1990;125:1400-1404) 


M orbid obesity” refers to a specific subpopulation of obese 
individuals who weigh in excess of 200% of ideal weight 
or 45 kg over ideal body weight.’ Because this unique condi- 
tion has been associated with many systemic illnesses includ- 
ing hypertension, coronary artery disease, degenerative ar- 
thritis, diabetes, and others, morbid obesity has been itself 
recognized as a disease process.** In the United States, it is 
estimated that 4.5 million individuals or 5% of the adult 
population are morbidly obese.’ 

Inability to achieve satisfactory weight reduction coupled 
"with the recognized decrease in life expectancy of the morbid- 

-ly obese prompted an early interest in surgical intervention as 
an alternative means of therapy.” In 1978, a National Insti- 


tutes of Health conference affirmed the role of surgery in 


selected patients with morbid obesity.’ It was, however, 
suggested that these procedures should be restricted to pa- 
tients in whom traditional therapy had failed. The proposed 
selection criteria limited candidates to morbidly obese pa- 
tients who had been given suitable treatments of calorie 
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restriction and/or behavioral therapy, but failed to improve or 
relapsed after short periods. Despite these apparently re- 
strictive criteria, the number of bariatric procedures per- 
formed each year continues to increase. Depending on the 
procedare performed, various aspects of alimentary function 
are altered and a number of long-term complications may 
arise. ™™ The reality of these sequelae, coupled with the un- 
certainty regarding adequacy of weight loss, has resulted in. 
many cbese patients undergoing revisional or “conversion” 
operations.” The aim of this study was to evaluate in a 
university setting the outcome of patients undergoing these — 
reoperative bariatric procedures, and to define the scope of 
postop2rative complications in this subset of patients. 


PATIENTS AND METHODS 
Study Design 


A retrospective analysis was performed of all patients who under- 
went a bariatric procedure at UCLA Medical Center over the 37- 
month period from April 1986 to May 1989. Those patients undergo- 
ing a single successful bariatric procedure were excluded from 
further study. The study population included only those patients 
requirixg one or more subsequent procedures for the management of 
complications related to the primary bariatric procedure, For the 
purpose of this review, the first reoperation has been designated as 
“initial -evision.” In those cases in which additional procedures were | 
required, they have been classified as either “subsequent” or “final” 
procedures as appropriate. Following admission or transfer to 
UCLA, all patients were managed on a single resident teaching 
service supervised by some of us. The average length of patient 
follow-up from time of initial revision was 39 months. Postoperative’ 
complications were defined as any morbidity that prolonged hospital: 
ization 3r caused readmission to the hospital. Revisional procedures 
were censidered early if they occurred less than 1 year following 
primary bariatric procedure and late if they occurred thereafter.” 
Data inquiry was based on total number and type of surgical proce- ` 
dures, ndications for initial and subsequent surgeries, and postoper- 
ative ccmplications and treatments. 


Patient Population 


Fror April 1986 to May 1989, 32 patients underwent reoperative 
bariatric procedures at UCLA and form the basis of this report. 
There were 25 women (78%) and seven men (22%) with an average 
age of <4 years (range, 30 to 58 years). These 32 patients underwent a 
total o” 76 reoperations (2.4 per patient) for problems arising from 
their initial bariatric procedure, Nine patients (28%) of the study | 
group aad their initial bariatric procedure and all subsequent opera- 
tions performed at UCLA. Twenty-three patients (72%) were re- 
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Fig 3.—Indications for revision of the patients initial bariatric proce 
dure. Although there were 32 patients in the series and therefore 32 
initial reoperations, one patient had two indications for revision, there- 
by accounting for the 33 indications listed. 


Indications for Surgical Revision Based on Primary Procedure* |: 


Type of Operation 






























ig 1.— Distribution of initia! bariatric procedures. JIB indicates jejuno- 
ileal bypass; VBG, vertical banded gastroplasty; HG, horizontal gas- 
tropiasty; BPBP, biliopancreatic bypass; and R-Y GJ, Rou-en-Y 




















Indications JB HG GBP VBG BPBP 
Initia! reoperation E 
Metabolic 10 
Insufficient weight loss 1 
Excessive weight loss 1 
Technical 0 









VBG 
13% 


















Symptom intolerance 
Subsequent reoperation 











Metabolic/weight-related 5 0 1 5 
Bowel obstruction 5 3 0 3 2 
Rest Anat intra-abdominal sepsis 0 0 1 2 ak ae 
22% Enterocutaneous fistulae 0 ie] 1 1 0 
Gastrointestinal bleeding 1 1 0 9 if] 











*Data are expressed in numbers of patients. JIB indicates jejunoileal bypass; 
H-G, horizontal gastroplasty; GBP, gastric bypass; VBG, vertical banded 
gastroplasty; and BPBP, biliopancreatic bypass. 








Fig 2.—Distribution of final or definitive operative procedures in the 
_ same patient population. BPBP indicates biliopancreatic bypass; 
_ > VBG, vertical banded gastreplasty; Rest Anat, restoration of anatomic 

“or physiologic gastrointestinal continuity; and Gastrect, subtotal or RESULTS 


ma gastrectomy. Surgical indications 


ES, The various indications for initial surgical revision of baria- 
ferred to UCLA for management of complications arising from a tric procedures in our study group are displayed in Fig 8. 
bariatric procedure. Only four patients underwent reoperation with- Metabolic complications were the primary indication in 44% of 

the first year, and the remaining 28 (88%) patients had late reopera- the patients studied. The most frequently cited problems 


_ tions, ie, more than 1 year after the primary bariatric procedure. The : . : ata et . 
an tribution of initial bariacric procedures (Fig 1) was as follows: included hyperuricemia, accelerated osteoarthritis, vitamin 


junoileal bypass (JIB) in. 11 patients (84%); vertical banded gastro- deficiencies, and renal lithiasi S; Other reported indications 
"plasty (VBG) in 11 patients (34%); biliopancreatic bypass (BPBP) in included insufficient or excessive weight loss (total, 38%) and 
-= four patients (18%); and Roux-en-Y gastrojejunostomy (9%) and symptom intolerance (9%). Overall, 81% of the initial reoper- 
: horizontal gastroplasty «%) in two patients each). Figure 2 repre- ations were performed for metabolic or weight-related prob- 
_ sents the distribution of final procedures on the same patients. Six- lems. The reasons for the first reoperation and subsequent 
_ teen patients (50%) underwent BPBP, four patients (13%) VBG, five procedures were further separated according to the type of 
patients (16%) either subtotal or total gastrectomy, and seven pa- primary operation performed (Table). Metabolic problems 
tients (22%) were restored to physiologically “normal” anatomy. In were the predominant factor responsible for reoperation in 
patients restored to normal anatomy, gastrointestinal continuity was tients who had undergone an initial JIB. I trast, 
chieved via gastrogastrostomy (VBG, n=2) or jejunojejunostomy par g an TaI 
IB, n=2). In cases in which a BPBP was dismantled, the recon- weight-related and technical problems led to reope ranon m 
consisted of a short Roux-en-Y gastrojejunostomy (n=3), the study patients with an initial VBG. Overall, the indica- 
This latter procedure achieved nearly normal physiologic function. tions for subsequent reoperation were vastly different as 
Anatomic restoration was act feasible since these three patientshad compared with indications for initial revision, The indications 
ndergone distal gastric resection as part of their primary BPBP. for subsequent reoperations included small-bowel obstruc- 
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Fig 4.—Indications for final operative intervention in all 32 patients. As 
in Fig 3, one patient had two surgical indications. 


tion, enterocutaneous fistulae, sepsis, and gastrointestinal 

hemorrhage. Within each operative category, the limited 
». mamber of patients precludes more definitive analysis. 

Figure 4 summarizes the frequency of indications for final 

procedures in the same 32 patients. Bowel obstruction was 

- the surgical indication in 13 patients (41%), intra-abdominal 

sepsis in four patients (13%), and gastrointestinal hemor- 


o rhage and enterocutaneous fistulae in two patients each 


(12%). These indications represented life-threatening illness- 


_ es, and urgent surgery was required in most cases. Final 


operative procedures were undertaken for metabolic or 
= -weight-related problems in only 12 patients (88%). 


Postoperative Complications 


K Seventy-six reoperations were performed following an ini- 
-> tial bariatric procedure during the 37-month period of this 
. study. Following initial revision, 23 (72%) of the 32 patients 
required further interventions for major complications. Of 
the nine patients who underwent a single revision, two (22%) 
died secondary to postoperative complications. The following 
tabulation summarizes the total number of postoperative 
complications that occurred during this time. There were 78 
complications in all, and while metabolic complications were 
the most frequent, occurring in 18 patients (56%), 13 (41%) 
had major wound or intra-abdominal infectious complications. 


a Forty percent of patients experienced a postoperative intesti- 


nal obstruction and 12 patients (88%) developed an incisional 
hernia. Pancreatitis, manifested clinically as an elevation in 
serum amylase and abdominal pain, was experienced by six 
patients (19%). 


Type of Complication No. of Patients 
Reoperation 23 
Metabolic 18 
Infectious 13 
Bowel obstruction 13 
Hernia 12 
Pancreatitis 6 
Gastrointestinal bleeding 6 
Cardiac 4 
Central nervous system 2 
Death 4 


All of these individuals responded to conservative mea- 
sures, and no pancreatic pseudocyst or abscess formation was 
reported. Cardiac complications consisted primarily of ar- 
rhythmias and contributed to one of the four reported mortali- 
ties. Two individuals experienced postoperative cerebrovas- 
cular accidents. Four (12.5%) of the patients undergoing 
revisional bariatric procedures died. Two patients died of 
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intra-abdominal sepsis associated with multisystem or 
failure after having been transferred to UCLA for complica- 
tions related to their revisional procedure. One patient died of _ 
overwhelming septic shock and malnutrition after having 
been unavailable for follow-up. The final death occurred as a 
result of cardiac arrest in a patient who was recovering from a 
small-bcwel resection for intestinal obstruction secondary to 
an internal hernia. 

Seventy-two percent of all patients undergoing revisional 
bariatric procedures required further intervention for major 
gastroirtestinal complications. Furthermore, 41% of all pa- 
tients referred to UCLA following a bariatric procedure had a 
life-threatening illness that required urgent intervention. 
Among the patients with life-threatening complications, 
there were 3.5 complications per patient and the associated 
mortality rate was 25%. In contrast, the complication rate 
among patients undergoing elective admission was 1.4 per 
patient and there were no deaths in this group. Four patients 
died following surgical revision, constituting an overall mor- 
tality rate of 12.5%. Three of the four reported deaths oc- 
curred in patients who had undergone BPBP either as an 
initial weight-loss procedure or as a subsequent revision. 


COMMENT 


Bariatric surgery continues to be an evolving discipline. © 
The ideal operation for the morbidly obese has yet to be.: 
identified and this whole area has been the focus of some 
controversy.” The alterations in normal gastrointestinal 
physiology produced by many of the currently performed 
procedures, in combination with the difficulty in predicting 
weight loss, is probably responsible for the number of pa- 
tients who ultimately require some type of revision or reoper- 
ation. Data from the present study suggest that indications. . 
for initial surgical revision commonly include weight-related 
complaints or metabolic disorders. In contrast, when subse- 
quent procedures are performed, the indications are general- 
ly muca more serious. Furthermore, reoperation following 
revisional bariatric procedures is associated with significant 
morbidity and mortality. 

During a 8-year period, 32 patients treated at UCLA un-.. 
derwent revisional surgery or reoperation following an initial 
bariatric procedure. Overall, 76 reoperations were performed . 
in these patients for complications of prior obesity surgery. 
Postoperative morbidity was considerable in this group and 
the mortality rate was 12.5%. Three (75%) of the four deaths — 
occurred in patients who had undergone a BPBP. While the _ 
death rate in the 16 patients who underwent some other form _ 
of bariatric procedure was 6.3%, the rate in patients undergo- 
ing recperations following BPBP was 18.8%. 

The frequency with which bariatric procedures are being 
performed in this country is unclear. Although the need for 
reoperation for insufficient or excessive weight loss or for 
associated metabolice disturbances is well recognized, it is 
nearly impossible to quantify the frequency with which this 
occurs, The risks associated with conversion surgery have- 
recently been reviewed by Yale.” In this study, 120 patients: 
undergoing conversion surgery between 1977 and 1987 were. 
retrospectively analyzed. The early complication rate in this 
series was 18%, a figure similar to that reported by Linner™: 
and Forse et al.” These authors concluded that conversion 
surgery is safe and effective. The results of our current study = 
do not support this statement, but it may well be that we are 
talking about two very different patient populations. This is. 
suggested by the large number of patients transferred to our 
institution with severe, potentially life-threatening prob- 
lems. Undoubtedly, this observation reflects the tertiary 
referral nature of our practice. Additionally, previous reports 
have “ocused on revision of a gastric partitioning or JIB 
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- bypass to a gastric bypass, unbanded gastrogastrostomy, or 
VBG." Conspicuously absent from these reports has been 
information dealing with patients who have undergone a 
_ BPBP. This procedure, first described by Scopinaro et al in 
976,” is being performed by a number of surgeons through- 





ut this country. There is limited information, however, fo- 
- cusing on long-term eutcome and complications associated 
with this procedure. 
_ >» Some of the most catastrophic complications observed in 
— the current series occurred in patients who had had a BPBP. 
_ Three patients with a functioning BPBP performed else- 
where underwent revisional procedures for metabolic or 
`- weight-related problems at an outside facility. All three pa- 
tients had major complications with recurrent intra-abdomi- 
~: nal sepsis and complex enterocutaneous fistulae. They were 
ultimately transferred to UCLA where, after lengthy hospi- 
talizations in excess of 6 months each, two have undergone 
definitive reconstructive surgery. The third patient contin- 
=; ues to have an enterecutaneous fistula and is being managed 
with home total parenteral nutrition. Two of these patients 
_ ultimately underwent takedown of their bypasses with phys- 
. Jologic (as opposed te anatomic) restoration of their gastroin- 
_ testinal tracts. Four patients requiring reoperation following 
: BPBP developed severe fungal sepsis, of which one died. The 
» etiologic features of fumgemia are not clear in this subgroup of 
= patients, but it is interesting to speculate about the role of 
. bacterial overgrowthin the biliary limb. 








The vagaries of bariatric surgery suggest that revision 
procedures will continue to be done until, perhaps, the “per- 
fect” weight-reducing procedure is identified. It is difficult to _ 
identify specific criteria that should be used in the selection of - 
an appropriate revisional procedure. This decision should be 
based on the surgeon's particular expertise, patients previ- 
ous procedures, current anatomy, eating habits, and overall 
medical condition. Although revisional or conversional sur- 
gery can generally be performed by experienced surgeons 
with minimal morbidity and mortality, one should be cogni- 
zant of the potential risks involved. Many of these patients, at 
the time of reoperation, are malnourished and not in optimal 
condition. Moreover, the anatomy of certain gastrointestinal 
arrangements may make dissection difficult and predispose 
patients tc bacterial overgrowth secondary to “blind limbs.” 
These factors should be carefully considered when contem- 
plating reoperative surgery for the morbidly obese. While we 
accept the possibility that our population is very likely 
skewed, nonetheless, we must conclude that complications. 
arising from reoperative bariatric procedures can be devas- 
tating. This appears to be particularly true for patients under- 
going revision of a BPBP. In conclusion, our data suggest that 
revisional procedures for morbid obesity should be subjected 
to the utmost scrutiny, and the potential for major complica- 
tions and/er death should be weighed heavily against pro- 
posed benefits. 
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BRUCE E. STABILE, MD, San Diego, Calif: The high morbidity and 
mortality attending late reoperation after weight-reducing surgery 
for the morbidly obese is often ignored. Since JIB operations are 
_ becoming more obsolete, relatively little information has been forth- 
<c coming on the late reoperation rates and risks following gastric 
< bypass, gastroplasty, and the BPBP procedure. These operations 
have long-term failure rates and serious complications that have been 
minimized or not addressed at all. The true outcome data for these 
~-gometimes casually applied procedures would be particularly sober- 
© ing. I remain to be convinced that bariatric surgery as widely prae- 
ticed under the currertiy accepted eligibility criteria has durable 
“benefits that clearly outweigh the perioperative and long-term mor- 
tality and morbidity. This is most particularly the case if one includes 
failure to sustain an acceptable weight loss among the numerous 
_ complications. Experience has shown that the laudable results from 
¿centers with particular interest and expertise in bariatric surgery are 
‘attributable in substantial part to the interest, expertise, and vigi- 
lance in the dietary management and counseling that postoperative 
patients receive for the duration of their lives. 
- Current investigations into the metabolism of adipocytes and the 
neuroendocrine control cf appetite and satiety offer the promise of 
new nonsurgical approaches to both prevention and management. 
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Specific regulatory abnormalities in triglyceride storage and mobili- 
zation and in plasma cholecystokinin levels have been identified in a 
variety of pathologic states including obesity, and therapeutic strate- 
gies are already being devised. It is disturbing that a surgical proce- 
dure as deforming and potentially morbid as the BPBP has evolved as 
treatment for a fundamentally metabolic or psychologic disorder. 
Hopefully, pharmacologic manipulations will relegate such high-risk 
operations to the bariatric museum shelf. 

How ofter do patients require late surgical intervention for compli- 
cations or failure of bariatric operations? Are these procedures being 
applied too casually and by unqualified practitioners? Is follow-up 
often grossly inadequate? The 41% rate of referred patients requiring 
urgent intervention raises the question of neglect or abandonment of 
these difficult patients who need lifelong attention and support. 

Another issue is the extremely high rate of multiple reoperations 
and their attendant morbidity and mortality. Do the authors believe 
these results to be representative and expected? These data do not 
support the notion that bariatric surgery renders obese people safe 
for future operations. 

Do the authors believe the BPBP to be a justifiable operation for 
morbid obesity? Do they accept the criterion of a body weight 45 kg 
over the ideal weight as a valid indication fora weight-reducing 
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- believe that the long-term salutary effects outweigh the combined 
_ total short- and long-term morbidity and mortality attending baria- 
tric operations? ; 
__- DAVID TAPPER, MD, Seattle, Wash: Thirty-four percent of the 
. patients had JIBs. Was the operation performed as their only opera- 
tion, or did they come from some other group? Were the complica- 
_ Hons uniform across the group? The patients with BPBPs had a 
substantial number but where did the complications, particularly the 
. = metabolic ones, relate to the JIB? Could you break the major and 
minor complications down? Were there wound complications such as 
hernias? Were they a result of wound infection? 
=o “CLAUDE H. ORGAN, JR, MD, Oakland, Calif: Many operations 
applauded in one decade have been discarded in the next. Bariatric 
surgery is such an example. The second most difficult decision in 
surgery is when to operate, the most difficult one being when to 
reoperate. These patients present a challenge for reoperation. The 
principal fault of bariatric surgery has been that the operations have 
-been too easy. The jejunoileal bypass was too easy. The stapler made 
| the gastric bypass easy. It was our experience that two thirds of the 
> patients who came in for reoperation were malnourished but could be 
_ brought to a good nutritional state before reoperation. The biliary 
< pancreatic bypass is a Mann-Williamson procedure (Ann Surg. 
_ |. 1928;77:409-422). It conforms very closely to what Mann and William- 
son deseribed from the Mayo Clinic in the 1920s. Why is there such a 
high percentage of bowel obstructions in these patients? 
_ The second question has to do with the diabetic patient. What was 
your experience with diabetes? These are patients who have an 
_ Incredible turnaround in their insulin requirements after surgery. 
_ » Even before they left the hospital, some required no insulin, hypogly- 
_.-cemic agents, or dietary management. Did you have any experience 
-= with these groups, and were you reluctant to correct their bypass and 
return the gastrointestinal tract to normal? 

DR ROSLYN: I hope that the general surgeons in the audience are 
interested in bariatric surgery, not necessarily as a clinical interest, 
but as an area that all general surgeons should be familiar with. 

‘In an article in the September 1989 Bulletin of the American 
College of Surgeons, Lloyd McLean, MD clearly addresses many of 
the problems that deal with bariatric surgery as a discipline. 

Dr Stabile, in the January 1990 issue of Surgery, Dr McLean 
_ Suggests that in their series of 200 patients undergoing VBG, the 
| Yeoperation rate was 36%. There truly are a large number of patients 
_ who undergo bariatric procedures and ultimately require reopera- 
__. tion. In most cases, the indication relates to insufficient or excessive 
weight loss. 

_. It is hard for me to comment on follow-up. When we were actively 
-doing bariatric procedures at our institution, the only way we would 
_ operate on any of these patients was if they were willing to be seen 
© and followed up postoperatively by a specialist in metabolism. 

_ . Are these results representative, and how serious are some of 
_ these complications? Let me describe three of the more difficult 
_ patients who were treated in our series. A young lady underwent a 
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- operation in the absence of other specific complications? Do they VBG at an outside in 














leak from her stap. 
line. She was reoperated on several times and was finally transfe rred 
to UCLA in florid sepsis with a huge gastrocutanéous fistula. Subse- 
quent tests done at UCLA demonstrated that she had a small pitu- 
itary tumor and that her obesity was really due to Cushings disease, 
She died as a result of ongoing sepsis. ; 

A second patient had a BPBP performed at an outside institution, 
and was -eoperated on 20 months later because of problems with: 
diarrhea. At reoperation, several enterotomies were made and she 
was ultimately transferred to UCLA with eight fistulas. She was y 
hospitalized for 5 months before we were able to reconstruct her: 
gastrointestinal tract by taking down her BPBP and restoring her © 
normal aratomy. : 

The final patient had a BPBP performed in Italy. She came backto 
the United States and ultimately required takedown of her bypass: 
revision. A gastroduodenostomy attempt resulted in anastomotic: ~ 
breakdown. She was transferred to UCLA with no abdominal wall i 
and 16 fistulas. She was hospitalized for 8 months before her defini- 
tive surgery was done. 

Dr Stabile, BPBP does achieve weight loss; but in terms of safety, 
it is still experimental, and further data are needed to establish ita 
role. I will not address the issue as to whether patients who. are’ - 
morbidly obese should have bariatric procedures. If this discipline is 
to survive in the surgical world, it needs to focus on results not just in 
terms of weight loss; they need to look hard at results in terms of ` 
metabolic and postoperative complications. eines 

Most of the bariatric procedures have become very easy, About. 
half of the bowel obstructions were really gastric outlet obstructions - £ 
and the remaining patients had small-bowel obstructions. All the 
small-bowel obstructions occurred in patients who had a BPBP. The. 
very long distal Roux-en-Y gastrojejunostomy obviously has a great 
propensity for internal herniation. These operations are very effec- 
tive in reversing diabetes in the morbidly obese patient. In my 
experience, a number of patients who were receiving 60 units or more 
of isophare insulin suspension per day were able, within 2 months, to 
have insulin therapy discontinued completely. : 

The las: bariatric operation I performed was about 5 months ago. It 
was in a 131-kg physician who had such profound sleep apnea that he 
was dozing off while I was interviewing him in my office. Within 3 ae 
weeks after he was discharged from the hospital, he had absolutely no 
evidence of sleep apnea. on 

Dr Taper asked about JIBs. All the patients undergoing a reoper- ’ 
ation for JIB were referred from other institutions. We have not 
performed a JIB at UCLA in the last 14 to 15 years. Most of the 
catastropsic complications were in patients who had undergone a 
BPBP. Most of the wound complications were septic in nature and 
most of the hernias occurred in that setting. EA 

At UCLA our experience with “virgin” bariatric procedures has 
really been limited because it has not been a major focus. The only 
patients shat I see have had bariatric procedures and now have _ 
problems. not in terms of requiring revision for weight-related prob- 
lems, but-other sorts of problems. eS 


institution and developed a 











Reoperative Surgery —Cates et al - 2 








All-classi‘ied advertising orders. correspondence and payments should be directed to: Archives of Surgery, P.O. Box 1510, Clearwater, 
Fiorica 24617. Our telephone numbers are: 800-237-9851. 813-443-7666. Please do not send classified ads, payments or related 


correspondence to the AMA headquarters in Chicago. This causes needless delay. 


inquiries about “BOX NUMBER" advertisements: Ail replies must be in writing and must cite the box number in the ad. Example: 
Box... c/o AOS, P.O. Box 1510. Clearwater, Florida 34617. We are not permitted to divulge the identity of advertisers who wish their 
maiksent in care of Archives of Surgery. 





CLASSIFIED 
INFORMATION 


| Regular Classified 


+ Time 3Times 

oe or more" 
_ Cost per word $1.60 $1.45 
Minimum 20 words. per issue 


i on order ta earn the three-time “ete, your ad must be placed 
Land prepaid at the same time kar three or more issues 





unting Words: Two imitials are considered 
j@ word, each abbreuwiation is considered 

} one word, and figures consisting of a dollar 
-sign and five numerals or less are considered 
| one word. Cities and states consisting of two 
< words or more are counted as one word: i.e., 
"New York” and “Salt Lake City.” Zip code is 
considered cne word ang must appear in all 
ads. Télephone number with area code is 

| considered one word. Wher box numbers are 











| used for replies, the words “Box c/o 
AOS’ are to be counted as three words. 
| Classified Display 1Time 3 Times 
Full page $1,390 $1,209 
. Two-thirds page 1,184 1,030 
One-half page 973 847 
One-third page 767 668 
e-sixth page 354 308 
lumn inch 75 65 


inimum display ad: o#@-celumn inch 
-:12-time rate available or request. 


Display Production Charge: The publication 

will pub-set advertisements upon request. 

| The typesetting fee is 19% of the one-time ad 
“cost shown above. Special requests will be 

billed to the advertiser andvor agency at the 
then prevailing rates. 


- Box Service 


Available for all ads. The-cost is $10.00 forthe 
rst issue only. Responses to your ad will be 
onsolidatec in our citice and promptly 
mailed directly to you. 






| Closing Date 
| The 25th of the secondaronth prior to issue 
date. Example: The Nowemser issue closes 
| September 25th. No ads can be cancelled 
:-after the closing date. 


Send all copy, correspomdence, production 
materials and payments to: 


S archives of 
Classified Department 


P.O. Box.1510, Clearwater, Florida 34617 


r assistance with your ad-schadule call toll free: 
8 800-237-9851 G £13-443-7666 










MAINE — GENERAL SURGEON: Al! modalities for 
JCAH, acute care hospital in northern lake and 
mountain region. Guaranteed cross coverage. 
Excellent financial package pius benefits and mov- 
ing expenses. One hour from metropolitan center 
and major university campus. Send CV to: New Eng- 
land Health Search, 63 Forest Avenue. Orono, ME 
04473. Or call: (207) 866- 5680 or or (207) 866-5685. 


DEPARTMENT OF VETERANS AFFAIRS Medical 
Center, Tuskegee, Alabama 36083, has a vacancy 
for a pulmonologist. Must be a citizen or possess 
permanent immigrant visa. Must be board-certified 
or -eligible. Excellent weather. Salary ranges from 
$75,000 to $91,000 dependent upon qualifications 
and experience. An equal opportunity employer — 
F/H/M. Contact: Chief of Staff (205) 727-0550, 
Extension 3645. 





GENERAL SURGEON 


Excellent opportunity for the right indi- 
vidual to join solo general, vascular and 
thoracic surgical practice. 


Candidate should be BE/BC with post- 
residency vascular or cardiothoracic 
training or experience. 1991 candidates 
considered, Above average benefits, 
leading to early partnership. Modern, 200- 
bed hospital with wide referral area. 


Beautiful Ithaca, New York. home of 
Cornell University has been recently 
rated “the best small city in the East”. 


Send CV to: 





Box #912, c/o AOS 


GENERAL/VASCULAR SURGEON, Maui, Hawaii: 
immediate opening — BC/BE to join 29-person, 
multi-specialty group. Send CV to: Darcel Gilbert, 
MD, Maui Medical Group, 130 Prison Street. Lahaina, 
HI 96761. Or call. (808) 661 -0051. 


PLASTIC SURGEON NEEDED Busy and success- 
ful plastic surgeon moving to Hawaii. Prime out- 
patient surgical suite for lease, located in Salinas, 
California, adjacent to Salinas Valley Memorial 
Hospital. total services hospital in thriving commu- 
nity of 108.000, 18 miles from Monterey Carmel area, 
and the picturesque. world famous Monterey Penin- 
sula. Reply: Box #911, c/o AOS 






Oncologic Surgeon 
Multi-specialty group in suburban Philadel- 
phia needs a BE/BC oncologic surgeon for 
clinical practice. Preference given to candi- 
dates with thoracic and vascular expertise. 
Endoscopic skills also desired. Excellent 
benefits and salary leading to full partner- 
ship position. Send curriculum vitae and 
references to: 
SURGICAL SERVICES, LTD. 
Moss Plaza. Suite 206, 9892 Bustleton Avenue 
Philadelphia, PA 19115 

l Attention: Robin E. Rosenberg, MD 








MENDOCINO COUNTY — Immediate opening in 
beautiful coastal northern California for tuil-time 
BC/BE general/vascular surgeon with trauma expe- 
rience. Send CV to: Julie Campbeli, Mendocino 
Coast District Hospital, 700 River Drive. Fort Bragg, 
CA 95437. Or call: (707) 961-1234 





PLEASE NOTE -—~ Address replies to box number 
ads as follows: Box number, -~ c/o AOS, 
P.O. Box 1510, Clearwater, FL 34617 


















































ORTHOPAEDIC SURGEONS — general, spinal or 
pediatric. Busy two-person orthopaedic group 
seeks BE/BC orthopaedic surgeon to begin as soon 
as possible. Excelient opportunities with booming 
practice. PT affiliation. Large referral base. Superb 
compensation and benefits package including sign- 
ing bonus, guaranteed base salary with productivity 
incentives. All overhead covered by group. Send CV 
to: Physician Recruiter, 2353 Srachtan Avenue, 
Germantown, TN 38138. EOE/M/F/V/H., 


BC/BE GENERAL/THORACIC SURGEON — Cali- 
fornia: We need a general surgeon who is also 
trained in thoracic surgery and interested in an 
excellent practice doing genera! and thoracic 
surgery (no open heart). We offer the opportunity to 
establish your own private practice with no invest- 
ment, guaranteed income. Well equipped 112-bed 
full service hospital. A growing area with new busi- 
nesses and stable economy. Our service area popu 
lation is now 90,000. Located in central California 
near Sequoia National Park, Tulare offers an excel- 
lent family-oriented lifestyle with all expected amen- 
ities. Beautiful homes, located close to hospital and 
office. are affordably priced. Good schools, many 
community activities and abundant recreation 
including golf, tennis, skiing, mountain and eques- 
trian activities. Easy access to all California's major 
metropolitan-and resort areas. Please contact: 
Tulare District Hospital Physician Recruiting Office, 
P.O. Box 90112, Los Angeles. CA 90009. (800) 
468-2687. 





General SURGEON 


Surgical group serving a small, 
rural community of approxi- 
mately 25,000 is looking for a 
university hospital-trained, 
board-certified or board-eligible 
general surgeon. 

Practice is located next door to 
a progressive 76-bed acute care 
hospital. Area is year-round 
outdoor resort with hunting, 
fishing, hiking, snow-skiing, 
water-skiing, and many other 
outdoor recreational activities. 
Located 120 miles southeast of 
Pittsburgh and 200 miles west 
of Baltimore. West Virginia Uni- 
versity Medical Center is located 
60 miles to the west. 


Contact: 
C. William Fedde, MD 


Garrett Surgical Group 


Suite 1, 311 North 4th Street 
Oakland, MD 21550 
(301) 334-8282 





































GENERAL SURGEON — BG/BE to join busy solo 





| Surgeon in: coastal northwest Florida town: Send 
CV: Box #914.-c/o AOS. 


| | Colon and Rectal Surgeon 
Excellent opportunity for a BC/BE 


C&R surgeon to join a thriving pri- 
vate practice in a moderate size 
midwestern city. Competitive salary 
plus incentive. Excellent benefits 
with opportunity to become a share- 
holder. State-of-the-art hospitals. 
Located near a university and Lake 
Michigan, two hours from Chicago. 
Good schools. Great place to raise a 
family. Send CV to: 
Vincent C. Scuzzo, MD 

720 East Cedar Street | 





South Bend, IN 46617 











100 MEMBER, multi-specialty. fee-for-service 
medical group seeks BC/BE general surgeon with 
vascular capability and trauma experience desired 
in pleasant, growing northern California community 
two hours from San Francisco, Yosemite and the 
Sierras. Excellent benefits, salary and facilities 
Send CV to: C.V. Allen, MD, Medical Director, 600 
Coffee Road, Modesto, CA 93555. 

IMMEDIATE OPENING for board-eligible or 
-certified surgeon, preferably with endoscopy expe- 
rience, at progressive VA medical center located in 
Michigans upper peninsula. This well-equipped, 
200-bed general medical and surgical center offers 
competitive salary and benefits. The community 
offers ideal family living in town of 18,000 peopie 
with good schools, low cost of living, short commut- 
ing distance, and year-round recreational activities 
¿ii Applicants shouid reply to: Chief of Staff, VA Medi- 
is f cal Center, Iron Mountain, MI 49801. Equal oppor- 

| tunity employer. 








Are you a Surgeon looking for 


The World’s 
Best Kept Secret 


Are you looking for challenging and 
outstanding opportunities for profession- 
al growth? Do you value a good school 
system, low crime rate, clean air and 
unsurpassed scenic beauty? Then St. 
Mary's Hospital in Pierre, South Dakota 
is what you are looking for. 


Nestled in the rolling hills along the 
Missouri River, Pierre offers a wide 
range of recreational activities. If you 
enjoy the outdoors, you will love Lake 
Oahe which offers boating, sailing and 
trophy fishing. Pierre is famous for its 
excellent waterfowl, pheasant and ante- 
tope hunting. 


If you are a board-certified or -eligible 
surgeon and interested in joining a busy 
practice in this warm friendly communi- 
ty of 15,000, and a service area of 40,000, 
then come join our growing active medi- 
cal staff at St. Mary's Hospital in Pierre, 
South Dakota. Enclose vitae. 


RON OLINGER 
PHYSICIAN RECRUITMENT 
P.O. Box 66, Pierre, SD 57501 

(605) 224-8851 

or 
JAMES RUSSELL 
ADMINISTRATOR 
ST. MARY'S HOSPITAL 















800 East Dakota, Pierre, SD 57501 
(605) 224-3158 





GENERAL SURGEON: Marshfield Cinic, a multi: 


specialty group practice with 350 physicians is seek- 
ing BE/BC general surgeons to joie expanding 
regional centers in Chippewa Falls and Park Falls. 
Wisconsin. Chippewa Falls is located 1 + hours from 
downtown Minneapolis/St. Paul and oorders Eau 
Claire, Wisconsin. a city of nearly €).000 which 
includes a major four year campus of tae University 
of Wisconsin. Known as the “Grouse Capital of the 
Worid”, Park Falis is a beautiful woodec area with an 
abundance cf lakes. rivers and streams. An empha- 
sis ON quality practice and lifestyle s combined 
with a guaranteed salary and outstanding fringe 
benefit package. For additional information. piease 
send CV anc references to: David L. Draves, Direc- 
tor of Regional Development. 1000 North Oak 
Avenue, Marshfield, WI 54449. Or call collect at: 
(715) 387-5376. 






UROLOGY 0 VERMONT 


Medical center in scenic Vermon commu- 
nity, close to major ski area, needs BC/BE 
urologist for private practice affiliation with 
BC physician. Comprehensive financial 
package Progressive institution with state- 
of-the-art facilities, including cancer center 
with radiation oncology and inpatient unit. 
Four season recreational area with the 
convenience of small city living. 














For further information send DV to: 


Eastern Health Placement 


136 Union Street O Bangor, ME 04401 
Or call: (207) 942-4667 





GENERAL SURGEON. BC/BE, vascuar desirable, 
not essential, to join well establishec surgeon in 
Atlanta. Georgia. Excellent salary/benefits. Early 
partnership. Send.CV to: Box #916, c/s AOS 


COLON AND 








RECTAL SURGEON 
DENVER, 
COLORADO 


There is now an attractive private 
practice opportunity for a Colon 
and Rectal Surgeon in a high-growth, 
suburb of Denver. 























A well-established and respected Bil- 
iary Tract Surgeon, practicing here for 
the past 410 years, is seeking a Colon 
and Rectal Surgeon to join him in 
developing a gastrointestinal surgi- 
cal center, Our 200-bed hospital. 
which is located adjacent to his office. 
is prepared to provide funds for clin- 
ical research in this field. 













if the Rocky Mountain area fits your 
lifestyle, and the opportunity to be on 
the cutting edge of medicine in the 
community meets your professional 
goals, then send your curriculum vitae. 
to: Gordon Crawford, Senior Man: 
ager, Professional Relations, Humana 
Inc., Dept. OO-10A, 500 West Main 
Street, Louisville, KY 40201-1438. Or 
call TOLL-FREE 1-800-626-1590. 
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| Wisconsin. 











General Surgery BE/BC 


It's newer too late for a new beginning! Dial 
1-800-238-0568 and discover “The Right Choice” 
for your medical practice in beautiful Southern 


The Monroe Clinic associates practice medicine 
withovt the distractions of office management. 
There is no financial investment and you will have 
easy access to high quality peers or specialists for 
consultation. Associates enjoy regular hours with 
| call sharing and predictable time off for continu- 
ing medical education and vacations. 


For an early prescription to a lasting, equitable 
partne-ship, please call or send your curriculum 
vitae te Robert Enterline, Physician Staffing Direc- 
tor, The Monroe Clinic, 1515 Tenth Street, Monroe, 
Wisconsin 53566. 


“equal opportunity employer” 


eat eee eee eS 
| The Monroe Clinic 





Wisconsin 
























‘The Roswell Park Cancer Institute 
-invites applications fer the position of 
{| Intensivist for the Surgical/Medical 
| Intensive Care Unit. The applicants 
“must be Board certified in Surgery, 
‘Medicine, Anesthesiclogy or Critical 
Care Medicine and be eligible for 
license to practice in New York State. 
The applicant must heve the academic 
credentials to merit a faculty appoint- 
ment in the affiliated School of 
Medicine. Please serd inquires and 
curriculum vitae to: 















Andrew A. Gage, M.D. 
Deputy Institute Director 
Raeswell Park Cancer Institute 
Elm and Cariten Streets 
Buffalo, New York 14263 









CANCER INSTITUTE 


Roswell Park is an Affirmative Action Employer 








| AND CALLUS IN THE MORNING 


Group, associate and soio opportunities are 
availabie in a variety of se‘tings. Here are a 
few to peck from: 


Colon and Rectal Surgeon Oroiaryngologists 





















Denver, 2O Alabama 
General Surgeons nde h ea CA 
“North Alabama BCRONVINE, 
South Florida Kissimmee, FL 
vf F Semerset, KY 
Atlanta, GA Fa X 
Louisa, KY T 
Beaumont. TX “ron, 
P San. Antena, TX Cithopedic Surgeons 
| Bluefielc, WV Asopama 


Los Angeles Co., CA 
Cantral Florida 
South Florida 
Eilena, GA 
Augusta, GA {Hands} 
Nashville, TN area 


| Gynecologist 
Louisville, KY 
Neurosurgeons 
Montgomery, AL 
South Flerida 


Dodge City, KS Baytown, TX 
Lebanor, TN Beaumont, TX 
Layton, UT 
Greenbrer Valley, WV 

Urologists 


Kansas City, Mo Certral Florida 
Natchez, MS Sauth Florida 
Abilene, 1X Augusta, Ga 
Beaumont, TX Vile Platte, LA 


< Gall TOLL-FREE 4-800-626-1590. or send your 
; Curriculum vitae to: Manager, Professional 
_ Relations. Humana Inc., Dept 00-10, 500 West 
-Main Street, Louisville, KY 40204-1438. 


=4lumana 








‘INTENSIVIST 





























CARDIOVASCULAR AND THORACIC SURGEON 
wanted to join a busy, expanding practice in the 
western suburbs of Chicago. Excellent opportunity 
for BC/BE, university trained individual. Please for- 
ward CV with letter of introduction to: Box #917. c/o 
AOS. 


GENERAL SURGEON — 42-year-cid BC general 
surgeon is seeking BC general surgeon to share 
busy solo practice. interest in endoscopy is needed. 
The practice is in a historic, rural, centrally located 
Texas town with good churches, schools and recrea- 
tional faciities. Hospital is non profit and communi- 
ty owned. Reply: Box #915, c/o AOS 


ATTENTION PHYSICIAN RECRUITERS. The 
“Classified Advertising” sections now in all nine 
AMA Specialty Journals target the physician you 
want, These highly visible sections put your 
message in the hands of every specialist that quali- 
fies for your professional opportunity, every month. 
To place the ad of your choice, any size. call toll 
free: (800) 237-9851. 








VASCULAR SURGEON — Multi-specialty group in 
suburban Philadelphia needs a vascular surgeon 
from certified program for clinical practice. Excel- 
lent benefits and salary leading to fuil partnership 
position. Send curriculum vitae and references to 
Surgical Services, Ltd., Moss Plaza, Suite 206, 9892 
Bustleton Avenue, Philadelphia, PA 19115 
WANTED: BE/BC general surgeon with interest and 
experience in non-cardiac thoracic surgery, or 
thoracic surgeon who enjoys general surgery, to 
assume practice of retiring double boarded thora- 
cic/general surgeon. 34 member, multi-specialty 
group in dynamic area hub city of 35,000. with six 
satellite offices in strategic locations. and referral 
area of 300,000 plus. Superb hospitai facilities, 
including CT, MRI, cardiac surgery, neurosurgery, 
etc. Directed toward those concerned about quality 
family lifestyle and professional concerns. Contact 
Recruitment Coordinator, Park Clinic, 890 North 
Eisenhower Avenue. Mason City, 1A 50401. Or dial: 
(800) 798-4321 for more information 

TIRED OF SKYROCKETING malpractice premi- 
ums? Come practice in the beautiful state of Indiana 
with the lowest malpractice rates in the country. 
Join an existing. thirty-year-old. three-physician 
general surgery group in a quaint town of 15,000, 
only 45 minutes from indianapolis. Spectacular 
opportunity: two of the surgeons will retire in Jess 
than one year. Enjoy an extremely successful prac- 
tice, immediately utilizing well-equipped office facil- 
ity and six-year-old, 120-bed hospital. Tremendous 
financial package includes $120,000 salary pius 
bonus, benefits. relocation expenses, and partner- 
ship after only one year. Send CV or call: Todd 
Dillon, Jackson and Coker, inc.. 115 Perimeter 
Center Place, Suite 380 ASO. Atlanta. GA 30346 
Telephone: (800} 544-1987 





James Ransom 
160 N.W. Irving 
Suite 201-B 


P.O. Box 1221 
Bend, Oregon 

97709 
800-323-1732 
503-382-1732 


Health Care Recruiting 
NATIONWIDE 


Search Firm 





GENERAL SURGEON — Olmsted Medical Groupis ` 
experiencing continuous growth and currently . 


seeking a BC/BE general surgeon to join a busy, 
two-physician department. Excellent opportunity 
for a well-trained physician to join a 50 plus physi- 
cian multi-specialty group in a dynamic, progressive 
practice. Affiliate hospital recently underwent com- 
plete renovation’expansion. Competitive salary/ 
comprehensive benefit package: malpractice insur- 
ance, flexible benefits plan, 401K and profit sharing, 
relocation assistance. Send CV: Olmsted Medical 
Group, Attention: Susan Schuett, 210 Ninth Street 
Southeast, Rochester, MN 55904. 





PLEASE NOTE — Address replies to box number 
ads as foilows: Box number, c/o AOS, 
P.O. Box 1516. Clearwater, FL 34617. 


























COLO-RECTAL SURGEON Muli-specially <b 
group in suburban Philadelphia needs a BE/BO O 
colo-rectal surgeon for clinical practice. Excellent 
benefits and salary leading to full partnership posi- 
tion. Send curriculum vitae and references to: 
Surgical Services. Ltd., Moss Plaza. Suite 206, 9892 
Bustleton Avenue, Philadelphia, PA 19115. Atter- 
tion: Robin Eric Rosenberg, MD 


gical group seeks a U.S.A. trained BC/BE surgeon 
with general and vascular surgery and endoscopic 
experience. Growing northeast Wisconsin commu- 
nity, stable economy, and three progressive hospi- 
tals having all medical services available. Excellent 
location for outdoor activities and easy access for | 
travel. Excellent salary and benefits leading to part- 
nership. Send CV to: Box #913, c/o AQS. 


GENERAL/VASCULAR surgeon: Two-person sur- 
| 











opportunity exists for a board-certified surgeon at 
Harrisburg Hospital. This 480-bed teaching haspital 
is a major affiliate of Penn State University’s College 
of Medicine. Concurrent with this position is an 
appointment as Vice Chairperson of Education in 
the teaching, administration and clinical skills to 
teach medical students and residents rotating at 
Harrisburg Hospital from the Medical College. Other 
duties involve quality assurance, continuing medi- 
cal eduation, and departmental or committee 
assignments, This full-time position allows twenty- 
five percent of time for research, private practice or 
other interests. Harrisburg, located just nine miles 
from the Medical College in Hershey, is a small city 
with a metropolitan area of 500,000 people, with 
excellent access to all major east coast cities. Salary 
is negotiable and based on abilities and experience. 
Please submit resumes to: Jesse A, Weigel, MD, 
Senior Vice President, Medical Affairs, Harrisburg 
Hospital, South Front Street, Harrisburg, PA 17101. 


DIRECTOR—SURGICAL EDUCATION, An unusual 


DIRECTOR, 
DIVISION OF 


VASCULAR SURGERY 














Deborah Heart & Lung Cen- 
ter is seeking candidates for 
the position of Director of 
the Division of Vascular 
Surgery. Applicants should 
have strong clinical, teach- 
ing and administrative skills, 
as well as the commitment 
for research, 


Send curriculum vitae to: 
Lynn B. McGrath, MD, 
Chairman Department of 
Surgery, (609) 893-6611, 
Ext. 353. 








Deborah Heart 


and Lung Center 3 
200 Trenton Road x 
Browns Milis, NJ 08015 
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GENERAL SURGEON — University of California, 
San Francisco and the Central California Faculty 


o |: Medical Group seek a staff surgeon at Valley Medi- 







cat Center, Fresno. Valley Medical Center is a prin- 
cipal training site for the UCSF clinical branch 
which conducts residency training and core and 
elective medical student clerkships. Applicants 
should be BE/BC and have an interest in clinical 
teaching. Some private practice opportunity avail- 
able. Delightful central California location, afford- 
able living with easy access to mountains and 
coast. Please send curriculum vitae to: Steve Parks, 
MD, Chief of Surgery, 2212 North Winery, #130, 
Fresno, CA 93703. University of California is an 
EO/AA employer. Women and minorities are 
encouraged to apply. 


ACADEMIC TRAUMA/BURN SURGEON — Assist- 
ant or Associate Professor, in Residence, University 
of California, San Diego. The Department of Surgery 
is seeking an academic general/trauma/burn sur- 
geon with experience in critical care who is board- 
certified or -eligible by the American Board of 
Surgery effective July 1, 1991. Qualifications: Cali- 
fornia medical license, demonstrated experience as 
a teacher and experience in research. Rank will be 
determined on the basis of experience and qualifica- 
tions, Salary per UC scale. Send curriculum vitae 
and three letters of recommendation to: David B. 
Hoyt, MD, Chief, Division of Trauma, UCSD Medical 
Center, 225 Dickinson Street, San Diego, CA 92103. 
Closing date is December 13, 1990. UCSD is an 
affirmative action/equal opportunity employer. 





SURGICAL ONCOLOGY 
RESEARCH FELLOWSHIP 


UNIVERSITY OF 
PENNSYLVANIA 


Available July 1, 1991. Candidates 

should be residents in training or 
“have completed training in general 

surgery or surgical subspecialties. 


Call or write: 
John M. Daly, MD, Chief 


Division of Surgical Oncology 
Hospital of the University 
of Pennsylvania 


UNIVERSITY OF PENNSYLVANIA 
3400 Spruce Street 
Philadelphia, PA 19104 
(215) 662-7866 
Deadline for application: 
January 31, 1991 
An affirmative action/ 
equal opportunity employer 





Practices For Sale 


SELLING YOUR PRACTICE? The AMA journal in 
your specialty is your best place to advertise. Now 
available are very affordable ads that are perfect for 
finding a buyer. Also, Box service is available for 
your convenience and confidentiality. Call our “Clas- 
sified Advertising” office toll free: (800) 237-9851. 









Southem 
California 





throughout Southern California for 


GENERAL SURGEONS 
We provide you the freedom, technology and resources to focus on quality patient care, 
the collaborative support of knowledgeable colleagues and the opportunity to make a sig- 
nificant contribution to your field. Ir addition, you'll be eligible for partnership in two years. 


Our comperisazion and benefits package includes: 
e Guaranteed practice and income e Paid educational and sabbatical leaves 
e Professional liability insurance œ Life, disability, medical and dental coverage. 


Sens your curriculum vitae to: 
Irwin P. Goldstein, M.D., Associate Medical Director 
Dept. 018 
Walnut Center, Pasadena, CA 91188-8013 
Or call: (800) 541-7946 


SCPMG, 


KAISER PERMANENTE 
Southern California Permanente 
Medical Group 


Partners Practicing Geod Medicine 


CHIEF 
Surgical Service 


Vacancy exists for a board- 
certified surgeon to serve as the 
Chief, Surgical Service for this 
473-bed medical center wth a 
120-bed (plus 60 additional beds 
currestly under construction) 
nursing home care unit. 


W 


We are affiliated with Tensple 
University School of Medicine, 
Hahnemann University School of 
Medicine, Episcopal Hospital, 
Philadelphia, Pennsylvania and 
have an active surgical 

residency program. 


Wilkes-Barre is located near 
Pocono Mountains resort area 
and is within a 2⁄2 hour drive of 
New York City and Philaeelphia. 
Pennsylvania. 


Fo: additional informatioa contact: 


William K. Grossman, MD 
Chief of Staff 


(717) 821-7207 


An equal opportunity employer. 













Rana E7 
of Choice Ca) 


With more than 40 years of successful industry 
leadership, the Southem California Permanente Medical Group (SCPMG) is 
recognized as the nation's largest and most respected physician-managed, multi- 
specialty medical group. Currentir we have immediate practice opportunities available 











* 


ENES 
e: 


AN 


46,734 
SURGEONS 


If you are 
searching for 
a qualified specialist... 


We Target 
The Physician 
You Want! 


The November issue of 
the Archives of Surgery closes | 
September 25th. 





Call us todav 
to reserve your space. 


800-237-9851 
813-443-7666 
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Count on 





due to indicated organisms 





For intravenous or intramuscular Use 
BRIEF SUMMARY 


INDICATIONS.AND USAGE . 
TREATMENT: CEFOTAN® (cefotetan disedium) is indicated for the therapeutic treatment of the 
following intesticns when caused by susceptible strains of the designated organisms: 
Urinary tract infections caused by è cofi, Klebsiella species {including X pneumoniae), Proteus i 
mirabilis and:Prateus sp (which may include the organisms now called Proteus vulgaris, Providencia 
rettgeri, and #organella morgani). s 
Lower respiratory tract infections caused by Streptococcus pneumoniae (formerly D pneumoniae), 
Staphylococcus aureus (penicillinass- end nonpenicillinase-producing strains), Haemophilus influenzae 
Qhcluaing ampicillin-resistant strains), Klebsiella species (including K pneumoniae), and E coli. 
kin and ski» structure Infections :aused by Staphylococcus aureus (penicillinase- and nonpenicil- 
linase-producing strains), Staphylosoceus epidermidis, Streptococcus pyogenes and Streptococcus 
species (exciiding erterococci), ard E coli. o 
Gynecologle:infections caused by Staphylococcus aureus” {including penicillinase- and nonpenicil- 
linase-producing strains), Staphylozocsus epidermidis, Streptococcus species oar entero- 
cocci), £ coli. Proteus mirabilis, Neisseria gonorrhoeae, Bacteroides species (excluding B distasonis, 
8 ovatus, B thetaiotaomicron), Fuscbacterium species’ and gram-positive anaerobic cocci {including 
Peptococcus:and Peptostreptoceceis species”). 
intra-abdominal infections caused by = coli, Klebsiella species {including K pneumoniae’), Strepto- 
coccus species iexcluding enterocecch, and Bacteroides species (excluding B distasonis, B ovatus, 
B thetaiotaomicron). 
Bone and pn infections caused by Staphylococcus aureus.” 
“Efficacy for this organism in this ergan system was studied in fewer than ten infections. 

Specimens for bacteriological examination should be obtained in order to isolate and identify 
causative organisms and to determine their susceptibilities to cefotetan Therapy may be instituted 
before results of susceptibility stucies are known; however, once these results become available, the 
antibiotic treztment should be adjusted accordingly. 

In cases of confirmed or suspected 3ram-positive or gram-negative sepsis or in patients with other 
Serious infections in which the causative organism has not been identified, it is possible to use CEFOTAN 
concomitanty with an aminoglycoside. Cefotetan combinations with aminoglycosides have been shown 
to be synergistic in vitro against many Enterobacteriaceae and also some other gram-negative bacteria. 
The dosage commended in the lzbeling of both antibiotics may be given and depends on the severity 
of the infectian and the patient's candiion. 

NOTE: If CEFOTAN and an aminoglycoside are used concomitantly, renal function shouid be carefully 
monitored, especially if higher dosages of the aminoglycoside are to be administered or if therapy is 
prolonged, teceuse of the potential nephrotoxicity and ototoxicity of aminoglycosidic antibiotics. 
Although, todate, nephrotoxicity has tot been noted when CEFOTAN was given alone, it is possible that 
ne ee may be potentiated if CEFOTAN is used concomitantly with an aminoglycoside. 

Pi S: The preoperative administration of CEFOTAN may reduce the incidence of certain 
postoperative infections in patients undergoing surgical procedures that are classified as clean con- 
taminated or potentially contaminated (eg, cesarean section, abdominal or vaginal hysterectomy, trans- 
urethral surcery, biliary tract Sugey, and gastrointestinal surgery). 

The prophwiactic dose of CEFOTAN should be administered 30 to 60 minutes prior to surgery. In pa- 
tients undergoing cesarean section, CEFOTAN should be administered intravenously after the clamping 
of the umbilical cord. 

If there are signs and symptoms of :nfection, specimens for culture should be obtained for identifica- 
tion of the causative organism so that appropriate therapeutic measures may be initiated. 
CONTRAINDECATIONS 
Gana a sontraindicated in patents with known allergy to the cephalosporin group of antibiotics. 
Before theraay with CEFOTAN is instivuted, careful trap | should be made to determine whether the 
patient has aad previous hypersensitivity reactions to n disodium, cephalosporins, 

nicillins, ar other drugs. This prodact should be given cautiously to penicillin-sensitive patients. 

tibiotics should be administered with caution to any patient who has demonstrated some form of 
allergy, particularly to drugs. If an allergic reaction to Ci occurs, discontinue the drug. 
Serious acute hypersensitivity reactions may require ¢ ephrine and other emergency measures, 

Pseudomambranous colitis has bean reported with the use of cephalosporins (and other broad- 

im antibiotics); therefore, i Is important to consider its diagnosis in patients who develop 
diarrhea in:association with antibiotis use. 

Treatment with broad-spectrum antbiotics may alter normal flora of the colon and May permit over- 
growth of clostridia. Studies indicate a toxin produced by Clostridium difficile is one primary cause of 
antibiotic-associatec colitis. Cholestyremine and colestipol resins have been shown to bind the toxin in vitro. 

Mild cases of colitis may respond to drug discontinuance alone. Moderate to severe cases should be 
managed with fluid, electrolyte, asd protein supplementation as indicated. When the colitis is not re- 
lieved by dreg discontinuance, or when it is severe, oral vancomycin is the treatment of choice for anti- 
biotic-associated pseudomembranauscolitis produced by C difficile. Other causes should also be considered. 
PRECAUTIONS 
GENERAL: As with ether broad-scact-um antibiotics, prolonged use of CEFOTAN may result in over- 
growth of nensusceotible organises. Careful observation of the patient is essential. If superinfection 
does occur during therapy, appropriate measures should be taken. 

in comman with many other bread-spectrum antibiotics, CEFOTAN May be associated with a fall in 
prothrombin activity. Those at risk include patients with renal or hepatic impairment or poor nutri- 
tional state, the elderly and patier’s with cancer. Prothrombin times should be monitored in patients at 
risk and exegenous vitamin K administered as indicated, 

. en should be used with caut.on in individuals with a history of gastrointestinal disease. par- 
ticularly coitis. 

INFORMATION FOR PATIENTS: As wich some other cephalosporins, a disulfiram-like reaction 
characterized by flushing, sweatirg, beadache, and tachycardia may occur when alcohol (beer, wine, 
etc.) is ingested within 72 hours etter CEFOTAN administration. Patients should be cautioned about the 
La oad of alcoholic beverages following the administration of CEFOTAN. 

DRUG INTERACTIONS: Although :o date nephrotoxicity has not been noted when CEFOTAN was given 
alone, i is aia that nephrotoxicity may be potentiated if CEFOTAN is used concomitantly with an 
aminoglycoside. 

DRUG/LABSRATORY TEST INTERACHONS: A faise positive reaction for glucose in urine may occur 
with Benedict's or Fahling’s solutien, 

As with œher cephalosporins, high concentrations of cefotetan may interfere with measurement of 
Serum andurine creatinine levels ay Jaffe reaction and produce false increases in the levels of 
creatinine reported. 

CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Although long-term studies in 
animals hawe not been performed'to 2valuate carcinogenic potential, no mutagenic potential of 
cefotetan was ‘ound in standard laboratory tests. 

Cefotetar has adverse effects on tre testes of prepubertal rats. Subcutaneous administration of 
500 mg/kg/tay (approximately 8-76 times the usual adult human dose) on days 6-35 of life (thought to be 





CE FOTAN ie 
cefotetan disodium} 
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CEFOTAN® (cefotetan disodium) 


developmentally analogous to late childhood and pepe in humans) resulted in reduced testicular 
weight and seminiferous tubule degeneration in 10 of 10 animals. Affected ceils included spermatogonia 
and spermatocytes; Sertoli and Leydig cells were unaffected. Incidence and severity of lesions were 
dose-dependent; at 120 mg/kg/day (approximately 2-4 times the usual human dose} only 1 of 10 treated 
animals was affected, and the degree of degeneration was mild. ; 

Similar lesions have been observed in experiments of comparable design with other methyithiotetrazoie- 
containing antibiotics and impaired fertility has been reported, particularly at high dose levels. No 
testicular effects were observed in 7-week-old rats treated with up to 1000 mg/kg/day SC for 5 weeks, or 
in infant dogs (3 weeks old) that received up to 300 mg/kg/day IV for § weeks. The relevance of these 
findings to humans is unknown. ; 

USAGE IN PREGNANCY: nancy Category B: Reproduction studies have been performed in rats s 
and monkeys at doses up to 20 times the human dose and have revealed no evidence of impaired ferti. 
ity or harm to the fetus due to cefotetan. There are, however, no adequate and well-controlled studies in 
pregnant women. Because animal reproductive studies are not always predictive of human response, 
this drug should be used during pregnancy only if clearly needed. 
USAGE IN NURSING MOTHERS: Cefotetan is excreted in human milk in very low concentrations. Cau- 
tion should be exercised when cefotetan is administered to a nursing woman. 
PEDIATRIC USE: Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS 
in clinical studies, the following adverse effects were considered related te CEFOTAN therapy. 
Gastrointestinal symptoms occurred in 1.5% of patients: the most frequent were diarrhea (1 in 80) and 
nausea (1 in 700). 
Hematologic laboratory abnormalities occurred in 1.4% of patients and included eosinophilia (1 in 200}, 
— direct Coombs test (1 in 250), and thrombocytosis (1 in 300). . 

epatic enzyme elevations occurred in 1.2% of patients and included a rise in SGPT (1 in 150), SGOT 

1 in 300), alkaline phosphatase (1 in 700), and LDH (1 in 700). ; 

oT reactions were reported in 1.2% of patients and included rash (1 in 150) and itching 
Tin i 

effects were reported in less than 1.0% of patients and included phlebitis at the site of injection 

(1 in 300), and discomfort (1 in 500). During postmarkating experience with CEFOTAN, anaphylactic 
reactions and transient thrombocytopenia have been reported. 
DOSAGE AND ADMINISTRATION 
TREATMENT: The usual adult dosage is 1 or 2 grams of CEFOTAN administered intravenously or intra- 
musculariy every 12 hours for 5 to 10 days. Proper dosage and route of administration should be deter- 
mined by the condition of the patient, severity of the infection, and susceptibility of the causative organism. 


GENERAL GUIDELINES FOR DOSAGE OF CEFOTAN 








Type of Infection Dally Dose Frequency and Route 
Urinary Tract 1-4 grams 500 mg every 12 hours IV or IM 
1 or 2 g every 24 hours IV or IM 
1 or 2 g every 12 hours IV or IM 
Other Sites 2-4 grams 1 or 2 g every 12 hours IV or IM 
Severe 4 grams 2 g every 12 hours IV 
Life-Threatening 6° grams 3 g every 12 hours IV % 





“Maximum daily dosage shouid not exceed 6 grams. 


PROPHYLAXIS: To prevent postoperative infection in ciean contaminated or potentially contaminated 
Surgery in adults. the recommended dosage is 1 or 2 g of CEFOTAN administered once, intravenously, 
30 to 60 minutes prior to surgery. In patients undergoing cesarean section, the dose should be adrain- 
istered as soon as the umbilical cord is clamped. 

IMPAIRED RENAL FUNCTION: When renal function is impaired, a reduced dosage schedule must be 
employed. The following dosage guidelines may be used. 


























DOSAGE GUIDELINES FOR PATIENTS 
Creatinine Clearance WITH IMPAIRED RENAL FUNCTION 
mL/min Dose Frequency 
>30 Usual Recommended Dosage" Every 12 hours 
10-30 Usual Recommended Dosage” Every 24 hours 
<10 Usual Recommended Dosage* Every 48 hours 





“Dose determined by the type and severity of infection, and susceptibility of the causative organism. 
Alternatively, the dosing interval may remain constant at 12 hour intervals, but the dose reduced to 
one-half the usual recommended dose for patients with a creatinine clearance of 10-30 mL/min, and 
one-quarter the usual recommended dose for patients with a creatinine clearance of less than 10 mL/min. 
When only serum creatinine levels are available, creatinine clearance may be calculated from the 
following formula. The serum creatinine level should represent a Steady state of renal function. 


Weight (kg) x (140 - age) 


Males: ae eearenrmener amen erred 
72 x serum creatinine (mg/100 mL} 


Females: 09 x value for males 

_Cefotetan is dialyzable and it is recommended that for patients undergoing intermittent hemodialy- 
Sis, one-quarter of the usual recommended dose be given every 24 hours on days between dialysis 
and one-half the usual recommended dose on the day of dialysis. 
HOW SUPPLIED 
CEFOTAN is a dry, white to pale yellow powder supplied in vials containing cefotetan disodium equiv- 
alent to 1 g and 2 g cefotetan activity for intravenous and intramuscular administration. The 1 g dose is 
available in 10 mL and 100 mL vials, and the 2 g dose is available in 20 ml. and 100 mi. vials. BeFOTAN 
is also available in a pharmacy bulk package of 10 g in 100 mi vials. The vials should not be stored at 
temperatures above 22°C and should be protected from light. 

ng in 10 mL vial (NDC 0038-0376-10); 2 g in 20 mL vial (NDC 0038-0977-20}. 1 g in 100 mL vial 

{NDC 0038-0376-11); 2 g in 100 mL vial (NDC 0038-0377-21); 10 g in 100 mL vial (NDC 0038-0375-10). 


Manufactured fer 
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more cost-effective 
than cefoxitin’? 


less frequent dosing 
than cefoxitin?‘ 


several times the half-life 


of cefoxitin: 


single-dose prophylaxis/ 


twice-daily treatment 


Count on 


References: 1. Nightingale CH, Smith KS, Quintiliani R, et al: The conversion of cefoxitin usage 


to cefotetan: An interdisciplinary approach. Am J Surg 1988;155(5A):101-102. 2. Sochalski A, 


Sullman S, Andriole VT: Cost-effectiveness study of cefotetan versus cefoxitin and cefotetan 
versus combination antibiotic regimens. Am J Surg 1988;155(5A):96-101. 3. CEFOTAN® 
(cefotetan disodium) full prescribing information issued March 1986. 4. Physicians’ Desk 
Reference, ed 43. Oradell, NJ, Medical Economics Co, 1989. Mefoxin® (cefoxitin sodium, MSD), 
pp 1355-1357. 5. Carver M, Quintiliani R, Nightingale CH: Comparative pharmacokinetic 
study of cefotetan and cefoxitin in healthy volunteers. Infect Surg, April 1986 (suppl), 

pp 11-14. 6. Quintiliani R, Nightingale CH, Stevens RC, et al: Comparative pharmacokinetics 
of cefotetan and cefoxitin in patients undergoing hysterectomies and colorectal operations 
Am J Surg 1988;155(5A):67-70 


Please see adjacent page for brief summary of prescribing information. 
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Once for prophylaxis. 
Once daily for cure. 


The prophylactic dose of ROCEPHIN is also the daily therapeutic 
dose. ROCEPHIN, 1 gm given once prior to surgery,” provides 
effective prophylaxis against infection and is on board throughout 
the perioperative period—even if surgery is delayed or prolonged. 


And ROCEPHIN, 1 gm given once a day, is the therapeutic dosage 


for the following common postsurgical infections: respiratory 
tract or skin/skin structure infections due to Staphylococcus aureus, 


Klebsiella pneumoniae and Proteus mirabilis; urinary tract infections 
due to Escherichia coli, K. pneumoniae and P mirabilis. 
Efficacy, economy and ease. ROCEPHIN: 1 gm once for prophylaxis, 

once daily for cure. 





Once-a-day 
Rocephin.. 


ceftriaxone sodium/Roche 








As with any cephalosporin, there exists the possibility of hypersensitivity reactions, 
especially in individuals with a history of sensitivity. 


© 1989 by Hoffmann-La Roche Inc In contaminated or potentially contaminated Please see adjacent page for summary of product information 

All rights reserved procedures (eg., vagina! or abdominal 
hysterectomy), and for patients in whom 

infection at the operative sit t 


serious risk (eg., Ci 
graft [CABG] surgery) 








` ROCEPHINO {ceftriaxone sodium/Heehe} 
Betere prescribing, plesse consul! complete product information, a summary of which follows: 
INDICATIONS AND USAGE: Rocephin is indicated for the treatment of the following infections when 
caused by ausceptibie organisme: 
LOWER RESPIRATORY TRACTIMFECTIONS caused by Strep. pneumoniae, Streptococcus spe- 
cies (axciuding enterococci}, Sash. aureus, H. influenzae, H. parainfiuenzae, Klebsiella species 
{including X. pneumoniae), E. ecu, E. aerogenes, Proteus mirabilis and Serratia marcescens 


SKIN AND SKIN STRUCTURE INFECTIONS caused by Staph. aureus, Staph. epidermidis, Strep- 
tococcus species (excluding enterococci), E. cloacae, Klebsiella species (including K. pneumo- 
Mae), Proteus mirabilis and Pseutiornonas aeruginosa 


URINARY TRACT INFECTIONS (coripiicated and uncomplicated} caused by E. coli, Proteus mir- 
abilis, Proteus vulgaris, M. moegani and Klebsiella species {including K. pneumoniae). 


UNCOMPLICATED GONORRHEA (cervicat/urethral and rectal) caused by Neisseria gonor- 
thoeae, including beth penicifinase and nonpenicillinase producing strains 


PELVIC INFLAMMATORY DISEASE caused by N. gonorrhoeae. 
BACTERIAL SEPTICEMIA caused by Staph. aureus, Strep. pneumoniae, E. coli, H. influenzae and 
K. pneumoniae. 


BONE AND JOINT INFECTIONS caused by Staph. aureus, Strep. pneumoniae, Streptococcus 
species (excluding enterococci}, £. coli, P. mirabilis, K, pneumonias and Enterobacter species 


INTRA-ABDOMINAL INFECTIONS caused by E. coli and K. pneumoniae. 


MENINGITIS caused by H. intiuenzae, N. meningitidis and Strep. pneumoniae. Ceftriaxone has 
aiso beenased successfully ia limited number of cases of meningitis and shunt infections 
caused by.Steph. epidermidixamd €. coli 


SURGICAL PROPHYLAXIS. Peacperative administration of a single 1 gm dose may reduce inci- 
dence of postoperative infections in patients undergoing surgical procedures classified as con- 
laminated or potentally contasréaaied (e.g., vaginal or abdominal hysterectomy) and in those for 
whom infection at the operativesite presents serious risk (e.g. during coronary artery bypass 
surgery) 

Although ceftriaxone has been shown to have been as effective as 
cefazolin in the prevention of infection following coronary artery by- 
pass Surgery, no placebo-contraved trials have been conducted to 
avaluate any cephalosporin artibioic in the prevention of infection 
following coronary artery bypass surgery. When administered be- 
fore indicated surgical procedures, a single 1 gm dose provides 
protection:trom most infections due to susceptible organisms for 
duration of procedure. 


SUSCEPTIBILITY TESTING: Before instituting treatment with 
Rocephin, aparop‘iate specimens should be obtained for isolation 
of the causative organism anc ior determination of its susceptibil- 
ity to the drug. Therapy may oe-ins.ituted prior to obtaining results 
of susceptibility testing. 

CONTRAINDICATIONS: Rocephin is contraindicated in patients with 
known allergy to the cephalospcrir class of antibiotics 


WARNINGS: BEFORE THERAPY WITH ROCEPHIN IS INSTITUTED, 
CAREFUL INQUIRY SHOULDBE MADE TO DETERMINE WHETH- 
ER THE PATIENT HAS HAD'PREV OUS HYPERSENSITIVITY RE- 
ACTIONS TO CEPHALOSPORIMS, PENICILLINS OR OTHER 
DRUGS. THIS PRODUCT SHOULD BE GIVEN CAUTIOUSLY TO 
PENICILLIN-SENSITIVE PATIENTS. ANTIBIOTICS SHOULD BE 
ADMINISTERED WITH CAUT ON TO ANY PATIENT WHO HAS 
DEMONSTRATED SOME FORM OF ALLERGY. PARTICULARLY TO 
DRUGS. SERIOUS ACUTE HYPERSENSITIVITY REACTIONS MAY 
REQUIRE THE USE OF SUB JTANEQUS EPINEPHRINE AND 
OTHER EMERGENCY MEASURES. 


Pseudomembranous colitis, resevted with nearly all antibacterial agents, including ceftriaxone, may 
range in severity from mild to {fte-ihneatening. Therefore, consider this diagnosis in patients who present 
with diarrhea subsequent to adminiscration of antibacterial agents. 


Treatment with antibacterial agerts alters norma! flora of the colon and may permit overgrowth 
‘of clostridia. Studies indicate 3 taxin produced by Clostridium difficile is one primary cause of 
“antibiotic-associated colitis.” 


Alter establishing diagnosis cf pseudomembranous colitis, initiate therapeutic measures. Mild 
cases of pseudomembranous exis usually respond to drug discontinuation alone. In moderate to 
severe cases, consider management with fluids and electrolytes, protein supplementation and 
treatmentwit" an oral antibacteria drug effective against C. difficile 


PRECAUTIONS: GENERAL: Althauch transient elevations of BUN and serum Creatinine have been 
observed, at the recommendediicasages, the nephrotoxic potential of Rocephin is similar to that of 
other cephalosporins 

Ceftriaxone is excreted via bothibiiary and renal excretion (see Clinical Pharmacology). Therefore, 
patients with renal failure normaly require no adjustment in dosage when usual doses of Rocephin 
are administered. but concertratians of drug in the serum shouid be monitored periodically If evi- 
dence of accumulation exists, cosage should be decreased accordingly. 


Dosage adjustments should pof be necessary in patients with hepatic dysfunction; however. in pa- 
tients with both hepatic dysfunction and significant rena! disease, Rocephin dosage should not ex- 
ceed 2 gm daily without close monitoring of serum concentrations. 


Alterations in prothrombin times have occurred rarely in patients treated with Rocephin. Patients 
with impaired vitamin K synthesis or low vitamin K stores (e.g.. chronic hepatic disease and mal- 
nutrition} may require monitereg of prothrombin time during Rocephin treatment. Vitamin K ad- 
ministration | 10 mg weekly) may bs necessary if the prothrombin time is prolonged before or during 
therapy. 

Proionged use of Rocephin may result in overgrowth of nonsusceptibie organisms. Careful obser- 
vation ofthe patient is esseatial, if superinfection occurs during therapy, appropriate measures 
should be taken 

Roceptin should be prescribed with caution in individuals with a history of gastrointestinal dis- 
ease, especially colitis. 

Rare cases reported of sonag-ap tic abnormalities seen in the galibladder: patients may also have 
symptoms oF gal'tiadde. disease These abnormalities. vanously described as sludge, precipita- 
tions, echoes with shadows. may be misinterpreted as concretions. Chemical nature of sonograph- 
ically-detactsd material not determined. Condition appears to be transient and reversible upon 
discontinuation of Rocephir and conservative management. Therefore, discontinue Rocephin if 
signs and symptoms suggestive ct gallbladder disease and/or the sonographic findings described 
above develop 


CARCINOGENESIS, MUTAGEWESIS, IMPAIRMENT OF FERTILITY: Carcinogenesis: Considering 
the maximum duration of treatment and the class of the compound. carcinogenicity studies with 
ceftriaxone in animals have ace ben performed. The maximurr duration of animal toxicity studies 
was six months 


Mutagenesis: Geretic toxicciegy tests included the Ames test, a micronucleus test and a test for 

chramosomal aberrations ir suman lymphocytes cultured in vitro with ceftriaxone. Ceftriaxone 

showed no potential for mutagenic activity in these studies 

Impairment of Fertility: Ceftrasore produced no impairment of lertility when given intravenously to 

fais at daily doses up to 688 ag 'kg/day. approximately 20 times the recommended clinical dose 

OF 2 gmiday 

“PREGNANCY. Teratogenic Ettects: Pregnancy Category B. Reproductive studies have been per- 
formed in mice and rats at doves up to 20 times the usual human dose and have no evidence of 
embtyotoxicity, fetotoxicity cr teratogenicity. in primates. no embryotoxicity or teratogenicity was 





ae demonstrated at a dose appreximately three times the human dose 


-Thete are. however, no adequate and well-controlied studies in pregnant women. Because animai 
reproductive studies are no! aways predictive of human response. this drug shouid be used dur- 
iba pregnancy only if cleary needed 
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ROCEPHIN® (ceftriaxone sodium/Roche) 


Nonteratogenic Effects: In rats, in the Segment | (fertility and general reproduction} and Segment F... 

(perinatal and postnatal) studies with intravenously administered ceftriaxone, no adverse efonts were 

noted on various reoroductive parameters during gestation and lactation, including postnatal growth, 

functional behavior and reproductive ability of the offspring, at doses of 586 mg/kg/day a lass. 

NUASING MOTHERS. Low concentrations of ceftriaxone are excreted in human milk. Caution 

should be exercised when Rocephin is administered te a nursing woman. 

PEDIATRIC USE: Safety and effectiveness of Rocephin in neonates, infants and chidren nave bean 

established for the dosages described in the Dosage and Administration section. in vitro studies 

have shown ceftriaxone, like some other cephalosporins, can displace bilirubin from serum albu 

min. Rocephin shouid not be administered to hyperbilivubinemic neonates, especially prematuras. 

ADVERSE REACTIONS: Rocephin is generally weli tolerated. In clinical trials, the following adverse 

reactions, which were considered to be related to Rocephin therapy or of uncertain etiology, were 

observed: 

LOCAL REACTIONS—pain, induration or tenderness at the site of injection (1%). Less frequently 

reported (less than 1%) was phiebitis after I.V. administration, 

HYPERSENSITIVITY —rash (1.7%). Less frequently reported (less thar 1%) were pruritus, fever 

or chills 

HEMATOLOGIC—eosinophilia (6%), thrombocytosis (5.1%) and leukopenia (2.1%). Less frequente 

ly reported (less than 1%} were anemia, neutropenia, lymphopenia, thrombocytopenia and prolon- 

gation of the prothrombin time. 

GASTROINTESTINAL —diarrhea (2.7%). Less frequently reported (less than 1%} were nausea or 

vomiting. and dysgeusia. Onset of pseudomembranous colitis symptoms may occur during or alter” 

antibiotic treatment (see WARNINGS). 

HEPATIC-~ elevations of SGOT (3.1%) or SGPT (3.3%). Less frequently reported (iess than 1%) 

were elevations of alkaline phosphatase and bilirubin 

RENAL —sievations of the BUN (1.2%). Less frequently reported (Jess than 1%) were elevations of 

creatinine and the presence of casts in the urine. 

CENTRAL NERVOUS SYSTEM—headache or dizziness were te- 

ported occasionaily {less than 1%). 

GENITOURINARY —moniliasis or vaginitis were reported occa: 

sionally (ess than 1%} 

MISCELLANEOUS—diaphoresis and flushing were reported oc- 

casionally (less than 1%). 

Other rarely observed adverse reactions {iess than 0.1%) include 

leukocytosis, lymphocytosis, monocytosis, basophilia, a decrease 

in the prothrombin time, jaundice, galibladder siudge, glycosuria, 

hematuria, anaphylaxis, bronchospasm, serum sickness, abdom- 

inal pain, colitis, flatulence, dyspepsia, oalpitations and epistaxis. 

DOSAGE AND ADMINISTRATION: Rocephin may be administered in- 

travenously of intramuscularly. The usual adult daily dose is 1 to 

2 gm given once a day (or in equally divided doses twice a day) 

depending on the type and severity of tne infection. Tha total daily 

dose should not excesd 4 grams. 

For the treatment of serious miscellaneous infections in children, other. 

than meningitis, the recommended total daily dose is 50 to 75 mg/kg 

{not to exceed 2 grams), given in dividec doses every 12 hours. 

Generally, Rocephin therapy should be continued for at least two 

days after the signs and symptoms of infection have disappeared. 

The usual duration is 4 to 14 days: in complicated infections longer 

therapy may be required 

In the treatment of meningitis, a daily dose of 100 mg/kg (not to ex- 

ceed 4 grams), given in divided doses every 12 hours, should be 

administered with or without a loading dose of 75 mg/kg. 

For the treatment of uncomplicated gonococcal infections, a single intramuscular dose of 250 mg 
is recommended 

For preoperative use (surgical prophylaxis), a single dose of 1 gm administered 1/2 to 2 hours be- 

fore surgery is recommended. 

When treating infections caused by Streptococcus pyogenes, therapy should be continued for at 

least ten days. 

No dosage adjustment is necessary for patients with impairment of renal or hepatic function; how- 

ever, blood ievets should be monitored in patients with severe renal impairment {e.9., dialysis pa- 

tients) and in patients with both renal and hepatic dysfunctions. 

HOW SUPPLIED: Rocephin (ceftriaxone sodium/Roche) is supplied as a sterile crystalline powder in 

glass vials and piggyback bottles. The following packages are available: 

Vials containing 250 mg, 500 mg, 1 gm or 2 gm equivalent of celtriaxcne: piggyback bottles con- 

taining 1 gm or 2 gm equivalent of ceftriaxone; buik pharmacy containers containing 10 gm equiv- 

alent of ceftriaxone (NOT FOR DIRECT ADMINISTRATION) 

Also supplied as a sterile crystalline powder as follows: 

ADD-Vantage Viais®* containing 1 gm or 2 gm equivalent of ceftriaxone. 

Also supplied premixed as a frozen iso-osmotic, sterile, nonpyrogenic solution of ceftriaxone $o- 

dium in 50 mL single dose plastic containers,t as follows: 

1 gm equivalent of celtriaxone, iso-osmotic with approximately 1.9 gm dextrose hydrous, USP 

added 

2 gm equivaient of ceftriaxone. iso-osmotic with approximately 1.2 gm dextrose hydrous, USP 

added 

NOTE: Rocephin in the frozen state shouid nat be stored above -20°C 

*Registered trademark of Abbott Laboratories, inc 

tManufactured for Roche Laboratories, a division af Hoffmann-La Roche ine., by Travenol Labo- 
ratones, Inc., Deerfield, llinors 60015. PI 0290 

1. 


Roche Laboratories 


@®. a division of Hoffmann-La Roche Inc. 


HO Kingsiand Street 
Nutley, New Jersey 0716-1199 
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Introducing ABSOLOK*and LIGACLIP* 
; Endoscopic Clip Appliers 


d Applier and clip designs that work together 
for unsurpassed security 
in the applier and on the vessel 


T place an order for the ABSOLOK and LIGACLIP Endoscopic Clip 

Appliers, or for more information on ETHICON* endoscopic 
surgery products, instruments and training course registration, 
call 1 (800) 388-1000. 
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Partnership 


of Choice 


With more than 40 years of successful industry 
leadership, the Souther California Permanente Medical Group (SCPMG) is 
recognized as the natiow's largest and most respected physician-managed, multi- 
specialty medical group: Currently we have immediate practice opportunities available 
throughout Southern Caiforria for. 


GENERAL SURGEONS 
We provide you the freedorr, technology and resources to focus on quality patient care, 
the collaborative suppor af knowledgeable colleagues and the opportunity to make a sig- 
nificant contribution to yewr feld, In addition, you'll be eligible for partnership in two years. 


Our compensation and benefits package includes: 
e Guaranteed practice and income e Paid educational and sabbatical leaves 
e Professional liability insurance è Life, disability, medical and dental coverage. 


Send your curriculum vitae to: 
Irwin P. Galdstein, M.D., Associate Medical Director 
SCPMG, Dept. 018 
Wainut Center, Pasadena, CA 91188-8013 
Or call: (800) 541-7946 
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Medical Group 
Partners Practising Good Medicine 


It now lasts up to five years longer. 


Americans live longer nowadays. Up to five years longer, says one study, 
than in 1970. One reason is that people know more about reducing their risk 
of heart disease. And we've helped. This year the AHA will invest more 
than $70 rillion in cardiovascular research and organize 2.7 million 
volunteers to go out and spread the word. To learn more, write us at: 
7329 Greenville Ave., Box 10, Dallas, TX 75231. 


American Heart 
Association 
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thydrocecione b8artite 75mg Warning: Moy ber hobi forming) 
ong acetaminophen 786 mg] 


INDICATIONS AND USAGE: For the relief of moderate to moderately 
severe pain, : 
CONTRAINDICATIONS: Hypersensitivity to acetaminophen or 


hydrocodone. 
WARNINGS: ; 
Allergic-Type Reactions: VICODIN/VICODIN £5 Tablets contain sodium 
metabisulfite, a sulfite that may cause allerqic-type reactions including 
anaphylactic symptoms and life-threatening or less severe asthmatic 
plo in certain susceptible people. Í k . 
Respiratory Depression: At high doses or in sensitive patients, 
h may produce dose-related respiratory depression. ’ 
Head Injury and Increased Intracranial Pressure: The respiratory 
degresat effects of narcotics and their capacity to elevate cerebrospr: 

nal fluid pressure may be markedly exaggerated in the presence of head > 
injury, other intracranial lesions or a preexisting increase in intracranial.“ 
pressure. Furthermore, narcotics produce adverse reactions which may 
obscure the clinical course of patients with head injuries. . 

Acute Abdominal Conditions: The administration of narcotics may 
obscure the diagnosis or clinical course of patients with acute abdominal <7 
conditions. 

PRECAUTIONS: 

Special Risk Patients: VICODIN/VICODIN ES Tablets should be used 
with caution in elderly or debilitated patients and those with severe’ 
impairment of hepatic or renal function, hypothyroidism, Addison's dis- 
ease, prostatic hypertrophy or urethral stricture. . 

Cough Reflex: Hydrocodone suppresses the cough reflex; as with all 
narcotics, caution should be exercised when VICODINAICODIN ES Tab- 

lets are used postoperatively and in patients with pulmonary disease, 

Drug Interactions: Patients receiving other narcotic anal rs aes 
chotics, antianxiety agents, or other CNS depressants (including alcoho!) 
concomitantly with VICODINVICODIN ES Tablets may exhibit an additive 

CNS depression. The use of MAO inhibitors or tricyclic antidepressan 

with hydrocodone preparations may increase the effect of either the 
antidepressant or hydrocodone. The concurrent use of anticholinergies 
with hydrocodone may produce paralytic ileus. 


Usage in Pregnancy 
Teratogenic Effects: ancy Category ©. Hydrocodone has been 
shown to be teratogenic in hamsters when given in doses 700 times the 
human dose. There are no adequate well-controlled: studies. in 
pregnant women. ViCODIN/ VICODIN ES Tablets should be used during: 
pregnancy only if the potential benefit justifies the potential risk to-the ` 
fetus, 
pc ate hak = bo to goren ao sic heen ak: 
ing opioids regularly prior to delivery wi SiC indent: 
caiiracel signs include irritability and excessive crying, tremors, hyper 
active reflexes, increased respiratory rate, increased stools, sneezing, 
awning, vomiting, and fever 
bor and Delivery: Administration of VICODINAICODIN ES Tablets to 
the mother shortly before delivery may result in some degree of respira- 
tory depression in the newborn, especially if higher doses are used, 
Nursing Mothers: it is not known whether this drug is excreted in 
human milk. Because many drags are excreted in human milk and 
because of the potential for serious adverse reactions in nursing infarits 
from VICODINMICODIN ES Tablets, a decision should be made whether 
to discontinue nursing or to discontinue the drug, taking into account the 
importance of the drug to the mother, 
Pediatric Use; Safety and effectiveness in children have not been 
established. 
ADVERSE REACTIONS: 
The most frequently observed adverse reactions include light-headedness, 
dizziness, sedation, nausea and vomiting, These effects seem to be more 
prominent in ambulatory than in nonambulatory patients and some of 
these adverse reactions may be alleviated if the patient lies down. Other 
adverse reactions include: 
Central Nervous 5) : Drowsiness, mental clouding, lethargy, impair- 
ment of mental and physical performance, anxiety, fear, dysphoria, psy- 
chic dependence and mood changes. 
Gastrointestinal System: The antiemetic phenothiazines are useful in 
suppressing the nausea and vomiting which may occur (gee above); 
however, some phenothiazine derivatives seem to be antianalgesic and 
to increase the amount of narcotic required to produce pain rehef, while 
other phenothiazines reduce the amount of narcotic required to e 
a gen level of id. Prolonged administration of VICODINAICODIN. 
ES Tablets may produce constipation. 
Genitourinary System: Ureteral spasm, spasm of vesical sphincters 
and urinary retention have been reported. 
Respiratory Depression: Hydrocodone bitartrate may produce dose- 
related respiratory depression by acting reay on the brain stam respi- 
ratory center Hydrocodone also affects the center that controls respiratory 
rhythm, and may produce iregular and pa breathing. If significant 
respiratory depression occurs, it may be antagonized by the use of 
naloxone hydrochloride. Apply other supportive measures when indicated. 
DRUG ABUSE AND DEPENDENCE: 
VICODINVICODIN ES Tablets. are subject to the Federal Controlled Sub- 
stance Act (Schedule lil}, Psychic dependence, physical dependente, and 
tolerance may develop upon repeated administration of narcotics; there- 
fore, VICODIN/ VICODIN ES Tablets should be prescribed and adminis- 
tered with caution, 
Acetaminophen Signs and opten 
cetamin n Signs and Symptoms: in acute acetamin wer 
dosage, dose-dependent, potentially fatal hepatic necrosis is the most 
serious adverse effect. Renal tubular necrosis, hypoglycemic coma, and 
thrombocytopenia may alse occur. Early symptoms following a poteri 
tially hepatotoxic overdose may include: nausea, vomiting, diaphoresis 
and general malaise, Clinical and laboratory evidence of hepatic toxicity 
may not be apparent until 48 to 72 hours post-ingestion. 
Hydrocodone Signs and Symptoms: Serious overdose with 
hydrocodone is characterized by respiratory depression (a decrease Th 
respiratory rate and/or tidal volume, Chayne-Stoxes respiration, cyano | 
sis}, extreme somnolence progressing to stupor of coma, skeletal musde 
flaccidity, cold and clammy skin, and sometimes bradycardia and hypo- 
tension. in severe overdosage, apnea, circulatory collapse, cardiac arrest 
and death ray occur 
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(Imipenem-Cilastatin Sodium/MSD) 


A SUCCESSFUL TREATMENT OUTCOME 
FOR MANY PATIENTS* 


*In one study, 20% of 135 patients with clinical signs of infection and two positive blood cultures were cured 
or improved (€6% Cured, 24% Improved). Eron, L. J.: Imipenem/cilastatin therapy of bacteremia, Am. J. 


Med. 78(Suppl. 6A): 95-99, June 7, 1985. 


PRIMAXIN is contraindicated in patients who have shown hypersensitivity to any component of this product. Before initiating therapy 
with PRIMAXIN, careful inquiry should be made concerning previous hypersensitivity reactions to penicillins, cephalosporins, other 
beta-lactams, and other allergens. If an allergic reaction to PRIMAXIN occurs, discontinue the drug. Serious hypersensitivity reactions 
may require epinephrine and other emergency measures. 


Please see Brief Summary of Prescribing Information. Copyright © 1990 by Merck & Co., INC. 
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A SUCCESSFUL TREATMENT OUTCOME 


FOR MANY PATIENTS* 


INTRAVENOUS 
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(Imipenem-Cilastatin Sodtum/MSD) 


*In one study, 90% of 135 patients with clinical signs of infection and two positive blood 
cultures were cured or improved (66% Cured, 24% Improved). Eron, L. J.: Imipenem/ 
cilastatin therapy of bacteremia, Am. J. Med. 78(Suppi. 6A): 95-99, June 7, 1985. 





Contraindications: PRIMAXIN® (Imipenem-Cilastatin Sodium, MSD) is contraindicated in 
patients who have shown hypersensitivity to any component of this product. 

hdr SERIOUS AND OCCASIONALLY FATAL HYPERSENSITIVITY (anaphylactic) REAC- 
TIONS HAVE BEEN REPORTED IN PATIENTS RECEIVING THERAPY WITH BETA LACTAMS. 
THESE REACTIONS ARE MORE APT TO OCCUR IN PERSONS WITH A HISTORY OF SENSITIVITY 
TO MULTIPLE ALLERGENS. 

THERE HAVE BEEN REPORTS OF PATIENTS WITH A HISTORY OF PENICILLIN HYPERSENSI- 
TIVITY WHO HAVE EXPERIENCED SEVERE HYPERSENSITIVITY REACTIONS WHEN TREATED 
WITH ANOTHER BETA LACTAM. BEFORE INITIATING THERAPY WITH ‘PRIMAXIN,’ CAREFUL 
INQUIRY SHOULD BE MADE CONCERNING PREVIOUS HYPERSENSITIVITY REACTIONS TO 
PENICILLINS, CEPHALOSPORINS, OTHER BETA LACTAMS, AND OTHER ALLERGENS. IF AN 
ALLERGIC REACTION TO ‘PRIMAXIN’ OCCURS, DISCONTINUE THE DRUG. SERIOUS HYPER- 
SENSITIVITY REACTIONS MAY REQUIRE EPINEPHRINE AND OTHER EMERGENCY MEASURES. 
Pseudomembranous colitis has been reported with virtually all antibiotics, including PRIMAXIN, 
therefore it is important to consider its diagnosis in patients who develop diarrhea in association 
with antibiotic use. This colitis may range in severity from mild to life threatening. 

Mild cases of pseudomembranous colitis may respond to drug discontinuance alone. In more 
severe cases, management may include sigmoidoscopy, approprait bacteriological studies, 
fluid, electrolyte, and protein supplementation, and the use of a drug such as oral vancomycin, 
as indicated. Isolation of the patient may be advisable. Other causes of colitis should also be 
considered, 

Precautions: General- CNS adverse experiences such as confusional states, myoclonic activity, 
and seizures have been reported during treatment with PRIMAXIN, especially when recom- 
mended dosages were exceeded. These experiences have occurred most commonly in patients 
with CNS disorders (e.9., brain lesions or history of seizures) and/or compromised renal func- 
tion. However, there have been reports of CNS adverse experiences in patients who had no rec- 
ognized or documented underlying CNS disorder or compromised renal function. 

Patients with severe or marked impairment of rena! function, whether or not undergoing hemo- 
dialysis, had a higher risk of seizure activity when receiving maximum recommended doses than 
those with no impairment of renal function; therefore, maximum recommended doses should 
be used only where clearly indicated (see DOSAGE AND ADMINISTRATION). 


Patients with creatinine clearances of <5 mL/min/1.73 m? snould not receive PRIMAXIN unless 
hemodialysis is instituted within 48 hours. 

For patients on hemodialysis, PRIMAXIN is recommended only when the benefit outweighs the 
potential risk of seizures. 

Close adherence to the recommended dosage and dosage schedules is urged, especially in 
patients with known factors that predispose to convulsive activity. Anticonvulsant therapy 
should be continued in patients with known seizure disorders. {f focal tremors, myoclonus, or 
seizures occur, patients should be evaluated neurologically, placed on anticonvulsant therapy if 
not already instituted, and the dosage of PRIMAXIN re-examined to determine whether it should 
be decreased or the antibiotic discontinued. 

As with other antibiotics, prolonged use of PRIMAXIN may result in overgrowth of nonsuscepti- 
ble organisms. Repeated evaluation of the patient's condition is essential. If superinfection 
occurs during therapy, appropriate measures should be taken. While PRIMAXIN possesses the 
characteristic low toxicity of the beta-lactam group of antibiotics, periodic assessment of organ 
system function during prolonged therapy is advisable. 

Drug interactions - Generalized seizures have been reported in patients who received ganciclovir 
and PRIMAXIN. These drugs should not be used concomitantly unless the potential benefits out- 
weigh the risks. 

Since concomitant administration of PRIMAXIN and probenecid results in only minimat 
increases in plasma levels of imipenem and plasma half-life, it is not recommended that pro- 
benecid be given with PRIMAXIN. 

PRIMAXIN should not be mixed with or physically added to other antibiotics. However, 
ee may be administered concomitantly with other antibiotics, such as aminoglyco- 
sides. 

Carcinogenesis, Mutagenesis, impairment of Fertility ~ Gene toxicity studies were performed in 
a variety of bacterial and mammalian tests in vivo and in vitro. The tests were: V79 mammalian 
cell mutation assay (PRIMAXIN alone and imipenem alone), Ames test (cilastatin sodium 
alone), unscheduled DNA synthesis assay (PRIMAXIN), and in vivo mouse cytogenicity test 
(PRIMAXIN). None of these tests showed any evidence of genetic damage. 

Reproduction tests in male and female rats were performed with PRIMAXIN at dosage levels up 
to 8 times the usual human dose. Slight decreases in live feta’ body weight were restricted to the 
highest dosage level. No other adverse effects were observed on fertility, reproductive perfor- 
mance, fetal viability, growth, or postnatal development of pups. Similarly, no adverse effects on 
the fetus or on lactation were observed when PRIMAXIN was administered to rats late in gesta- 
tion. 

Pregnancy ~ Pregnancy Category C: Teratogenicity studies with cilastatin sodium in rabbits and 
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rats at 10 and 33times the usual human dose, respectively, showed no evidence of adverse effect 
on the fetus. Ne evidence of teratogenicity or adverse effect on postnatal growth or behav- 
ior was observed in rats given imipenem at dosage levels up to 30 times the usual human dose. 
Similarly, no evidence of adverse effect on the fetus was observed in teratology studies in rabbits 
with imipenem at dosage levels at the usual human dose. 


Teratology studies with PRIMAXIN® (Imipenem-Cilastatin Sodium, MSD) at doses up to 11 times 
the usual human dose in pregnant mice and rats during the period of major organogenesis 
revealed no evicence of teratogenicity. 


Data from preliminary studies suggest an apparent intolerance to PRIMAXIN (including emesis, 
inappetence, body weight loss, diarrhea, and death) at doses equivalent to the average human 
dose in pregnant rabbits and cynomolgus monkeys that is not seen in nonpregnant animals in 
these or other species. in other studies, PRIMAXIN was well tolerated in oguan or higher 
doses (up to 11 times the average human dose) in pregnant rats and mice. Further studies are 
under way to evaluate these findings. 


There are, however, no adequate and well-controlled studies in pregnant women. PRIMAXIN 
should be used enly if the potential benefit justifies the potential risk to the fetus. 


Nursing Mothers- \t is not known whether this drug is excreted in human milk. Because many 
drugs are excreted in human milk, caution should be exercised when PRIMAXIN is administered 
to a nursing woman. 


Pediatric Use ~ Safety and effectiveness in infants and children below 12 years of age have not 
yet been establisned, 


Adverse Reactions: PRIMAXIN is generally well tolerated. Many of the 1,723 patients treated in 
clinical trials were severely ill and had multiple background diseases and physiological impair- 
mona making itdifficult to determine causal relationship of adverse experiences to therapy with 


Local Adverse Reactions ~ Local adverse clinical reactions that were reported as possibly, prob- 
ably, or definitely related to therapy with PRIMAXIN were: phiebitis/thrambophlebitis poet! 
pain at the injection site (0.7%), erythema at the injection site (0.4%), vein induration (0.2% 
infused vein infection (0.1%). 

Systemic Adverse Reactions - The most frequently reported systemic adverse Clinical reactions 
that were reporied as possibly, probably, or definitely related to PRIMAXIN were: nausea 
(2.0%), diarrhea (1.8%), vomiting (1.5%), rash (0.9%), fever (0.5%), hypotension (0.4%), 
seizures (0.4%) {see PRECAUTIONS), dizziness (0.3%), pruritus (0.3%), urticaria (0.2%), 
somnolence (0.2%). 


Additional adverse systemic clinical reactions reported as possibly, probably, or definitely drug 
related occurring in less than 0.2% of the patients or reported since the drug was marketed are 
listed within each body system in order of decreasing severity: astrointestinal ~ 
pseudomembranous colitis (see WARNINGS), hemorrhagic colitis, hepatitis (rarely), gastroen- 
teritis, abdominal pain, glossitis, tongue papillar hypertrophy, heartburn, pharyngeal pain, 
increased salivation; CNS - encephalopathy, tremor, confusion, myoclonus, paresthesia, ver- 
tigo, headache, psychic disturbances, Special Senses ~ transient hearing loss in patients with 
impaired hearing tinnitus, taste perversion, Respiratory ~chest discomfort, dyspnea, hyperven- 
tilation, thoracic spine pain, Cardiovascular — palpitations, tachycardia, Skin — toxic epidermal 
necrolysis (rarely), erythema multiforme, facial edema, flushing, cyanosis, hyperhidrosis, skin 
texture changes, candidiasis, pruritus vulvae; Body as a Whole ~ polyarthraigia, asthenia/weak- 
ness: Renal- acute renal failure (rarely), oliguria/anuria, polyuria. The role of PRIMAXIN in 
changes in renal tunction is difficult to assess, since factors predisposing to pre-renal azotemia 
or to impaired rera! function usually have been present. 

Adverse Laboratory Changes - Adverse laboratory changes without regard to drug relationship 
that were reported during clinical trials or reported since the trug was marketed were: Hepatic ~ 
increased SGPT, SGOT, alkaline phosphatase, bilirubin, and LDH; Hemic - increased eosino- 
phils, positive Coombs test, decreased WBC and neutrophils, including agranulocytosis, 
increased WBC, sncreased platelets, decreased platelets, decreased hemoglobin and hemato- 
crit, increased monocytes, abnormal prothrombin time, increased lymphocytes, increased 
basophils; Electo ~ decreased serum sodium, increased potassium, increased chloride; 
Renal - increasec BUN, creatinine: Urinalysis ~ presence of urine protein, urine red blood celis, 
urine white bloodécells, urine casts, urine bilirubin, and urine urobilinogen. 

NOTE: Due to the-high antimicrobial activity of PRIMAXIN, it is recommended that the maximum 
total daily dosage aot exceed 50 mg/kg/day or 4.0 g/day, whichever is lower. 

How ied: PEIMAXIN is supplied as a sterile powder mixture in vials, infusion bottles, and 
single-dose ADD-Vantage** vials containing imipenem anhydrous and cilastatin sodium as fol- 
lows: 250 mg imipenem equivalent and 250 mg cilastatin equivalent; 500 mg imipenem equiva- 
ient and 500 mg cilastatin equivalent. 

Caution: The suspension from vials is not for direct infusion. 


+ Registered trademark of Abbott Laboratories, inc. 
For more detailedinformation, consult ah MSD Representative or see SIN 


Prescribing Information. Merck Sharp & Dohme, Division of Merck & Co., INC., 
West Point, PA 18486 J9PR40(410) 





NOW: REASON TO REFER 
VIRTUALLY EVERY PATIENT 
AFTER RESECTION OF 
DUKES C COLON CANCER 








PROVEN TO REDUCE 
wes RECURRENCE 


In a 5%-year, cooperative, randomized trial 
of 929 Dukes’ C patients after surgical resection: 


ERGAMISOL’+5-FU significantly increased overall survival 
and reduced tumor recurrences 


Regimen well-tolerated; adverse reactions 
“did not greatly impede patients’ compliance 
with their regimen” 


NEW 


ERGAMISOL 


= LEVAMISOLE HCl murs 
in combination with 5-fluorouracil 
Considered 


Today's Standard 


tat JANSSEN 


PHARMACEUTICA 


Reference: 1, Moertel CG, Fleming TR, Macdonald JS, et al. Levamisole and fluorouracil for adjuvant 
therapy of resected colon carcinoma. New Engl J Med. 1990;322:352-358. 
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ERGAMISOL® (Levamisole Hydrochloride) Tablets 


Before prose oing please consult complete prescribing information of which the 
following is a brief summary. 

INDICATIONS AND USAGE: ERGAMISOL (levamisole hydrochloride) is only indi- 
cated as adjuvant treatment in combination with fluorouracil after surgical resection 
in patients with Dukes’ stage C colon cancer. 


CONTRAINDICATIONS: ERGAMISOL (levamisole hydrochloride) is contraindi- 
cated in patients with a known hypersensitivity to the drug or its components. 


WARNINGS: ERGAMISOL (levamisole hydrochloride) has been associated with 
agranulocytosis, sometimes fatal. The onset of agranulocytosis is frequently accom- 
panied by a flu-like syndrome (fever, chills, etc.); however, in a small number of 
patients it is asymptomatic. A flu-like syndrome may also occur in the absence of 
agranulocytosis. It is essential a appropriate hematological monitoring be done 
routinely during therapy with ERGAMI and fluorouracil. Neutropenia is usually 
reversible following discontinuation of therapy. Patients should be instructed to report 
immediately any flu-like symptoms. 


Higher than recommended doses of ERGAMISOL may be associated with an in- 
coenees inouanco of agranulocytosis, so the recommended dose should not be 
exceeded. 


The combination of ERGAMISOL and fluorouracil has been associated with frequent 
neutropenia, anemia and thrombocytopenia. 


PRECAUTIONS: Before beginning this combination adjuvant treatment, the physi- 
cian should become famitiar with the labeling for fluorouracil. 


Information for Patients: The patient should be informed that if flu-like symptoms or 
malaise occurs, the physician should be notified immediately. 


Interactions: ERGAMISOL (levamisole hydrochloride) has been reported to 
produce “ANTABUSE®’-like side effects when aron concomitantly with alcohol. 
Concomitant administration of ea dca and ERGAMISOL plus fluorouracil has led 
to increased plasma levels of phenytoin. The physician is advised to monitor plasma 
levels of phenytoin and to decrease the dose if necessary. 


Laboratory Tests: On the first day of therapy with ERGAMISOL fluorouracil, pa- 
tients should have a CBC with differential and iplatolets, electrolytes and liver function 
tests performed. Thereafter, a CBC with differential and platelets shoulc be ae 
formed weekly prior to each treatment with fluorouracil with electrolytes and liver 
function tests rmed every 3 months for a total of one year Dosage modifications 
should be instituted as follows: If WBC is 2500-3500/mmS defer the fluorouracil dose 
until WBC is > 3500/mms3. If WBC is < 2500/mm%, defer the fluorouracil dose until 
WBC is > 3500/mm3; then resume the fluorouracil dose reduced by 20%. If WBC 
remains < 2500/mm3 for over 10 days despite deferring fluorouracil, discontinue 
administration of ERGAMISOL. Both drugs should be deferred unless enough plate- 
lets are present (= 100,000/mms). 


Carcinogenesis, Mutagenesis, Impairment of Fertility: Adequate animal car- 
cinogenicity studies have not been conducted with levamisole. Studies of levamisole 
administered in drinking water at 5, 20, and 80 mg/k: a to mice for up to 18 months 
or administered to rats in the diet at 5, 20, and 80 g/day for 24 months showed no 
evidence of neoplastic effects. These studies were not conducted at the maximum 
tolerated dose, therefore the animals may not have been exposed to a reasonable 
drug challenge. No mutagenic effects were demonstrated in dominant lethal studies 
in male and female mice, in an Ames test, and in a study to detect chromosomal 
aberrations in cultured peripheral human lymphocytes. 


Adverse effects were not observed on male or female fertility when levamisole was 
administered to rats in the diet at doses of 2.5, 10, 40, and 160 mg/kg. In arat gavage 
study at doses of 20, 60, and 180 mg/kg, the copulation period was increased, the 
duration of pregnancy was slightly increased, and fertility, pup viability anc weight, 
lactation index, and number of fetuses were decreased at 60 g. No negative 
reproductive effects were present when the offspring were allowed to mate and litter. 
Pregnancy: Pregnangy Category C: Teratogenicity studies have been performed in 
rats and rabbits at oral doses up to 180 mgka, etal malformations were not ob- 
served. In rats, embryotoxicity was present at 160 mg/kg and in rabbits, significant 
embryotoxicity was observed at 180 mg/kg. There are no adequate and well- 
controlled studies in pregnant women and ERGAMISOL should not be administered 
unless the potential benefits outweigh the risks. Women taking the combination of 
ERGAMISOL and fluorouracil should be advised not to become pregnant. 


Nursing Mothers: It is not known whether ERGAMISOL is excreted in human milk; it 
= excreted in cows. rni: mg ofthe panre 

r serious adverse reactions in nursing infants , 
from ERGAMISOL, a decision should be made IN DUKES’ C 
whether to discontinue nursing or to discontinue 
the drug, taking into account the importance of 
the drug to the mother. 


Pediatric Use: Safety and effectiveness of 
ERGAMISOL in children have not been 
established. 


ADVERSE REACTIONS: Almost all patients re- 
ceiving ERGAMISOL (levamisole hydrochloride) 
and fluorouracil reported adverse experiences. 
Tabulated below is the incidence of adverse ex- 
periences that occurred in at least 1% of patients 
enrolled in two clinical trials who were oa 
treated with either ERGAMISOL or ERGAMISO! 
lus fluorouracil following colon surgery. In the 
larger clinical trial, 66 of patients N 4%) dis- 
continued the combination of ERGAMISOL plus 
fluorouracil because of adverse reactions. Forty- 
three of these patients (9%) developed isolated 
oracombination of gastrointestinal toxicities (e.g. 
nausea, vomiting, diarrhea, stomatitis and 
anorecah Ten patients developed rash and/or 
ritus. Five patients discontinued therapy be- 
cause of flu-like symptoms or fever with chills; ten 
patients developed central nervous system 
symptoms such as dizziness, ataxia, depression, 
confusion, memory loss, weakness, inability to 
concentrate, and headache; two patients de- 
veloped reversible neutropenia and sepsis; one 
patient because of thrombocytopenia; one pa- i 
tient because of hyperbilirubinemia. One patient in the ERGAMISOL plus fluorouracil 
group developed agranulocytosis and sepsis and died. 
In the ERGAMISOL alone arm of the trial, 15 of 310 patients (4.8%) discontinued 
therapy because of adverse experiences. Six of these bbe.) discontinued because of 
rash, six because of arthralgia/myalgia, and one each for fever and neutropenia, 
urinary infection, and cough. 


For medical questions, call 1-800-253-3682 (9 AM-5 PM Eastern Time). 
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ERGAMISOL 


LEVAMISOLE HCI mars 


in combination with 5-fluorouracil A 


ERGAMISOL ERGAMISOL plus fluorouracil 
N = 440 N = 599 
Adverse experience % 


Gastrointestinal 
Nausea 
Diarrhea 
Stomatitis 
Vomiting 
Anorexia 
Abdominal pain 
Constipation 
Flatulence 
Dyspepsia 


hy 


A 


=2000 to <4000/mm3 
=4000/mm3 
unscored category 
Thrombocytopenia 
<50,000/mm3 
=50,000 to <130,000/mm3 
=130,000/mm3 
Anemia 
Granulocytopenia 
Epistaxis 
Skin and Appendages 
Dermatitis 
Alopecia 
Pruritus 
Skin discoloration 
Urticaria 


Body as a Whole 
Fatigue 

Fever 

Rigors 

Chest pain 
Edema 


Resistance Mechanisms 
Infection 


Special Senses 
Taste Perversion 
Altered sense of smell 


Musculoskeletal System 
Arthralgia 

Myalgia 

Central anc peripheral nervous system 
Dizziness 

Headache 

Paresthesia 

Ataxia 

Psychiatric 

Somnolence 

Depression 

Nervousness 

Insomnia 

Anxie 

Forgetfulness 

Vision 

Abnormal tearing 
Blurred vision 
Conjunctivitis 

Liver and biliary system 
Hyperbilirubinemia 


A 
otoo ONS 


A 
omw 


A 
-rwo 


=o o 


In worldwide experience with ERGAMISOL, less 
frequent adverse experiences included exfolia- 
tive dermatitis, periorbital edema, vaginal bleed- 
ing, anaphylaxis, confusion, convulsions, 
hallucinations, impaired concentration, renal 
failure, elevated serum creatinine, and increased 
alkaline phosphatase. An encephalopathy - like 
syndrome has been reported in patients treated 
with ERGAMISOL. 


The following additional adverse experiences 
have been reported for fluorouracil alone: 
esophagopharyngitis, pancytopenia, myocardial 
ischemia, angina, gastrointestinal ulceration and 
bleeding, anaphylaxis and generalized allergic 
reactions, acute cerebellar syndrome, nystag- 
mus, dry skin, fissuring, photosensitivity, lacrimal 
duct stenosis, photophobia, euphoria, throm- 
bophlebitis, and nail changes. 

HOW SUPPLIED: ERGAMISOL (levamisole hy- 
drochloride) is available in white, coated tablets 
containing the equivalent of 50 mg of levamisole 
base, debossed "JANSSEN" anı aon 


They are supplied in blister packages of 36 tab- 
lets (NDC 50458-270-36). 

Store at room temperature, 15°-30°C (59°-86°F). 
Protect from moisture. 














peasy tom yeedoaa Li i 

inssen Pharmaceutica, nv Janssen Pharmaceutica Inc. 

Beerse, Belgium Piscataway, NJ 08854 JANSSEN 
PHARMACEUTICA 


U.S. Patent Number 4,584,305 
August 1990 JPI-ER-010 


Edition June, 1990 7500100-M 
© Janssen Pharmaceutica Inc. 1990 





Archives of Surgery | 


EDITORIAL BOARD 


Claude H. Orgar, Jr, MD 
Editor 
Archives oi Surgery 
University of Califorria-Davis, East Bay 
t411 EStst St 
Oakland, CA £4602 


Patrick L. Twomey, MD 
Associate Editor 
Martinez. Calif 


Arthur E. Baue, MD 
Consulting Editor 
St Louis, Mo 


F. Wiliam Blaisdell, MD 
Consulting Editor 
Sacramento, Calif 


Thomas Hunt, MD 
Consulting Editor 
San Francisco, Calif 


Victor Richards, MD 
Consulting Editor 
San Francisco, Calif 


Margaret ù. Kosiba 
Editorial Assistant 
Oakland, Calif 


Charles M. Baich, MD 
Houston, Tex 


Clyde F. Barker, MD 
Philadelphia, Pa 


Robert W. Eeart, Jr, MD 
Scottsdale, Ariz 


John F. Burke, MD 
Bostori, Mass 


John L. Cameron, MD 
Baltimore, Md 


Edward M. Copeland lil, MD 
Gainesville, Fla 


William L. Donegan, MD 
Milwaukee, Wis 


Calvin B. Ernst, MD 
Detroit, Mich 


Donald S. Gann, MD 
Providence, Ri 


Lazar J. Greenfield, MD 
Ann Arbor, Mich 


Alden H. Harken, MD 
Denver, Colo 


Robert E. Hermann, MD 
Cleveland, Ohio 


Joseph Ignatius, MD 
San Francisco, Calif 


Donald L. Kaminski, MD 
St Louis, Mo 


LaSalle D. Leffall, Jr, MD 
Washington, DC 


David L. Nahrwoid, MD 
Chicago, Ill 


Basil A. Pruitt, Jr, MD 
San Antonio, Tex 


Mark C. Rogers, MD 
Baltimore, Md 


John L. Sawyers, MD 
Nashville, Tenn 


Norman W. Thompson, MD 
Ann Arbor, Mich 


Ronald K. Tompkins, MD 
Los Angeles, Calif 


Donald D. Trunkey, MD 
Portland, Ore 


Alexander J. Walt, MD 
Detroit, Mich 


aaaea 


PUBLICAHION STAFF 
515 N State St, Chicago, IL 60610 


< Michael ©. Springer, Managing Editor and 
Director, AMA Specialty Journals 

:_ Julle Foreman, Associate Editor 

Marlene M. Hinsch, Producton Manager 


A. Kathleen Berka, Mary C. Steermann, Assistant 
_ Production Managers 


Nawin Gupta, Electronic Manager 
Cheryl iverson, Editoriai Precessing Manager 


-Paula Glitman Stone, Assistant Editorial Process- 
ing Manager 


Dennis J. Shipley, Permissions and Graphic 
Design Marager 


Electroriic Coordinator: Mery Ellen Johnston 

< Staff. Assistants: Diane Darnell, Bonnie Van 
_ Cleven 

Copy Editing: Daniel Knight (Supervisor), Vickey 


iden (Free-lance Coordinator), Paul Frank 
Senior Copy Editor), Laura Bleiler, Beena Rao, 






- Janice Snider 





Production Supervisors: Betty Frigerio (Advertis- 
ing), Thomas J. Handrigan (Illustrations), Barbara 
Clark (Proofreading), JoAnne Weiskopf (Layout) 


Proofreading: Teresa H. Omiotek, Jennifer Reiling 
Production Associate: Susan Price 


Art and Senior Production Assistants: Melinda 
Arcabos, Karen Branham, Anita Henderson, Debra 
Lucas, Leslie Koch, Christine Metzler, Juliana K. 
Mills, Dorothy Patterson, Debbie Pogorzelski, E. 
Ruth White 


Production Assistants: Brenda Chandler, Sandra 
Sanders 


Manuscript Records: Lisa Hardin 


Administrative Assistant: A. Tara Wehnes 


Department of Scientific and Socioeconomic 
Indexing: Norman Frankel (Director), George 
Kruto, Susan McClelland, Mary Kay Tinerelia 


Please address correspondence concerning 
accepted or published communications to: AMA 
Specialty Journals, 515 N State St, Chicago, IL 
60610 





Monthly Circulation 
In Excess of 38 750 





James S. Todd, MD, Executive Vice-President 


Kenneth E. Monroe, Deputy Executive Vice- 
President 


Larry E. Joyce, Senior Vice-President 


George D. Lundberg, 
Scientific information 


MD, Vice-President, 


John T. Baker, Vice-President, Publishing 


Norman D, Richey, Director, Publication Produc- 
tion and Printing Division 


Lee A. Parent, Director, Circulation-Futfillment 
Division 


Dennis Joseph Dennehy, Director, Advertising Sales 
and Promotion Services Division 


Thomas J. Carroll, Director. 
Advertising Communication 


Department of 


Raymond Christian, Director, Advertising Serv- 
ices Department 


ADVERTISING OFFICES: Eastern: 600 Third Ave, 
Suite 3700, New York, NY 10016; Representative: 
Donald  Blatherwick [212-867-6640]: Midwest- 
Farwest: 515 N State St, Chicago, iL 60610 (Man- 
ager: Thomas J. Carroll [312-464-2472]; Repre- 
sentative: John P. Cahill). 


1419 

















References: 

t Slama lG, Sklar SJ, Meunski 1 Fess SW 

Randomized comparison of cefamandole, 

cefazoin, ond cefuroxime prophylaxis m open- 

heart surgery Antimicrob Agents Chemother 

1986.293744 747 

2. Hurlow RA, Strachan Cit Wise R. A comparanve 

study of the alficacy of cefuroxime for preventing wound 

sep» ater cholecystectomy In. Wood C, Rue ¥, eds 

urossmne Undote, Royal Society of Medicine infers achonal 

fess and Sympowum Senes Number 38. London, England 

al Socwry of Medicine and Acadense Press inc tid: OBL 8 

EBL Cooley DA Antbote prophyiex: 
a celuromme, and 












Roy 
3. Gentry iQ Ze 
open heart surgery. o companson of celomande 
cefozoin Ann Thorac Surg IOBB-AGAGZIZ 












































Effective Staph Reduction 


ZINACEF.. 


E Outstanding protection against postsurgical 
staphylococcal infections’ 


E More effective surgical prophylaxis* than cefazolin” 
E Beta-lactamase stability superior to cefazolin’ 


E More convenient, economical dosing than cefazolin’ 


*in clean-contominated or potentially contaminated surgical procedur 
For a cemplete listing of indications and usage, Age consult Briel Summary of Prescribing Information for ZINACEF on adjacent page 
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Tinacel™ Zinacel™ BRIEF SUMMARY 

{sterile cefuroxime sodium, Glaxo} {tefurosime sodium injection} 

fe (olor 35 a fel summary only Before sreserdhing, see compite prescribing inigrmation m Zinacef™ product 

abeling. 

INDICATIONS AND USAGE: Zinscet® is nesated for the treatment of patients wath inf 

shans of the designated organisms in ihe follavang diseases 

1. Lower Respiratory Tract latections. mchina pneumonia, caused by Straptococens sneumoniae (tocmerty Qipiocoreus 
pneumoniae! Haemophilus influenzae (noiudeng ampicilinsesistant sams), Kiedsieia spp, Staphylocecers aurecs 
iperncillinage- and cod-penicilinase-produeng), Streptacoccus pyogenes. and Escherichia coi 

2. Urinary Tract Infections caused by £ cod and Kiebsielia spp 

©. Skin and Skin Structure Infections caused by S ayeeus (pei 

E coli Klebsiella spp, and Enterobacter spp 
4. Septicemia caused by S aureus (pervillinase- and non-pesiciiinase-producing) S prewmonae. E col, Hinfiuenzae 

bnciuding ampicillin resistant strains}, and Aiedsrelfa spp. 

5, Meningilis caused by S praumurtige. H influenzae (ngluding ampicilin-resest 

S aureus (penicilinase- and non-perininase-producing} 
$. Gonorrhea: Uncomplicated and dissenunated gonecoccal mtectons due te Neisseria gonorrhoeae ipemolbnase. and 

ROH-panicillinass producing strains} in both males and females. 

7. Bone aad Joint infections caused by S aureus inmiuding pemeilinase- and mcdbrase producing sirams}. 

timica mucrotological sluhes in skin and sien structure infections frequent! al the growth of susceptible 
how aerchic and anaerobic organisms. Zinacet has been used successtuily in these mixed infections in which si 
organisms have been isolated. Appropriate cultuses art Suscephibibty studies s be performed to determme the 
susceptitnity of the causative argarusms to Zacal. 

Therapy y be started while awaiting Ine results of these studies: how cet 
antibiotic treatrnent should be adjusted socanknaty, in certain cases of confirmed or suspected gram-positive oF gra 
negative sepsis orini patients with other senigus mfectons m which the causative organem has not been denhted, Zinacet 
may he used concomitantly with an aminoglycoside (see PRECAUTIONS; The recommended doses of both ardibietics z 
be given depending on the seventy of the fection and the patients condton 
Prevention: The. preoperative prophylactic admunistration of Zinacel may prevent the growth ot 
bactena and thereby may reduce the weidence of certain postoperative inh 
(eq. vaginal hysterectomy) thal are class:tied 2s clean-contaminiated or potentially contaminated procedures. Efective 
prophylactic use of antiinotcs n surgery depends on the time of admunistvation. Zinacef should usually be gage one alt to 
one hour defore the operation lo allow sufkcient time to acheve effective antitvone concentrations m the wound tissues 
during the procedure The dose should be repeated ntragperalivaly if the surgical procedure ss tengthy. 

Prophylactic adromistration is usually not required alter the surgical procedure ends and should be stopped within 24 
hours. In the majonty af surgeal procedures, contnume prophylactic adminstrabon of any antibiotic does not reduce the 
incidence of subsequent infections but will mcrease tne possibihty oF adverse reactions and the development of bacteral 
resistance. 

The penoperative use of Zinacet has aiso been effects dunng open heart surgery for surgical patients m whom infections 
atthe aperatwe site would present a serious ngk. For these patients it is recommended that Ginacet therapy be continued 
for af least 48 hours after the surgical procedure ands. tt an fection is present, specimens tot cuflure should be obtained 
for the lenhtcation of the causative: organism and apgrapnate antimicrobial therapy shauki be mstituted 
CONTRAINDICATIONS: Zinacet* :s contraindicated in patients with known allergy to the cephalosponn group 
of antibiatics, 

WARNINGS: BEFORE THERAPY WITH ZINACEF* IS INSTITUTED. CAREFUL INQUIRY SHOULD BE MADE TO DETERMINE 
WHETHER THE PATIENT HAS HAD PREVIOUS HYPERSENSITIVITY REACTIONS TO CEPHALOSPORINS, PENICILLINS, OR 
OTHER DRUGS THIS PRODUCT SHOULD BE GIVEN CAUTIOUSLY TO PENICILLIN. SENSITIVE PATIENTS. ANTIBIOTICS 
SHOULD BE ADMINISTERED WITH CAUTION TO ANY PATIENT WHO HAS DEMONSTRATED SOME FORM OF ALLERGY. 
PARTICULARLY TO DRUGS. IF AN ALLERGIC REACTION TO ZINACEF OCCURS. DISCONTINUE THE DRUG. SERIOUS ACUTE 
HYPERSENSITIVITY REACTIONS MAY REQUIRE EPINEPHRINE AND OTHER EMERGENCY MEASURES, 

Pseudomembranavs colitis has been reported with the use of cephalosporins {and other broad-spectrum antibiotics); 
therefore, if is important to consider its diagnosis in patients wha develop diarrhea in association with antibiotic use. 

Treatment with broad-spectrum antibiotics alters normal flora of the coton and may permit overgrowth of clostridia 
Stodias indicate a tonn produced ty Clostridum difficue i one primary cause of antibioht-associated colitis Cholestyr 
anene and coleshpal resins have been shown to bing the toxin ra vitro. 

Mild cages of colitis may respond te drug discontinuation aione. Moderate ta severe cases should be managed with fnd 
alectrolyte, and protem supplementation as indicated 

When the colitis is not reheved by drug discontinuation or when itis Severe. orai vancomycin is the treatment of chote 
for antihwtic-asseciated pseudomembranous tohtis produced by C aificite Other causes of colitis should aiso be consideret. 
PRECAUTIONS: Aithough Zinace® rately produces alterations in kidnay function. evatwation of renal status durag 
therapy s recommended, especally m senously H patients receiwing the maximum doses. Cephatesporns should be given 
wilh caution fo patenis receiving concurrent treatment with potent diuretics as these regimens are suspected of adversely 
fleeting tenal function, 

The total dary dose of Zinacet shouid be reduced m patients with transient or persistent renal insulficrency {see DOSAGE 
AND AOMINISTRATION). because high and prolonged serum antibione concentrations can occur in such mdniduals trom 
usual Gases 

As with other antibiotics, prolonged use of Zinacel may result in overgrowth af nonsusceptible organisms Caretul 
observation of the patient 15 essential, if supermtection occurs during therapy. appropriate measures should be taken 

Broadspectrum antbinties should be prescnbed with cauhon wm individuals with a history of gastrointestinal disease 
particutarly caltis. 

Nenhrotome:ty has beer reported following concomitant administrahicn af aminoglycoside antibiotics ang cephalosporins 
Druy/Laboratory Test interactions: A taise-positive feacton for glucose in the unine may occur with copper reduchan tests 
{Benedict s or Febhng’s solution or with Choitest® tablets), but not with enzyme-based tests tor glycosuria feg Tes Tape*) 

As a false-negative result may occur in the tarrteyanide test it s recommended that ether the glucose oxidase or 
nexotinase method be used to determine blond plasma glucose levels in patients recewing Zinacel. 

Cefuronme dogs not intertere wath the assay of serum and urine creatining by the aikaime picrate method 
Carcinogenesis. Mutagenesis, Impairment of Fertility: Although no long-term studies im annals have been performed to 
evaluate carcnogense potential, no mutagene potential of cetucoxime was touni wi standa'd laboratory tests 

Reproductive studies revealed nq imparrment of fectritty in ammas 
Pregnancy: Jeratoyonic Effects: Pregnancy Category B: Reproduction studies have been pertormed in muce and rabbis a! 
‘doses up to 60 times the human dose and have revealed no evidence of impaired fertdity o harm to the fetus due to 
catiromme There are, however, no adequate and wall-controtied studies m pregnant wome Because animai reproduction 
studies are not aways oratiicive of human response, tus drug should be used during pregnancy only it clearly needed. 
Nursing Mothers: Since Zinacet is excreted in buman mak. caution should he exercised whan Zinacel is admumstered to a 
YrsiNg WOMAN. 

Pediatric Use: Satety and effectiveness in chidren delove 3 months of age have not been established. Accumuiahon of other 
members of the cephalosporin class in newborn fants {wth resulting prolongation of drug naif-lte) has bean reported 
ADVERSE REACTIONS: Zinacet* 1s guneraity wet tolerated The most common adverse effects have been laca) reactions 
following intravendus adimastration, Other adverse feactions have been encountered oniy farety. 

Local Reactions: Thrombophlebitrs bas occurred with ittravenous admumstration intin 60 patients. 

Gastrointestinal: Gastramntestinal symptoms occurred an 1 in 150 patients and wcloded drat tea (Un 220 patients} ant 
nausea (tin 445 patients}. Onset of pseudomembranous chtis symptoms may actu! during or after antibiotic treatment (see 
WARNINGS). 

Hypersensitivity Reactions: Hypersensit ng have been reported in legs ihan t= of the patients treated with 
Zinacet and ineiude rash (1m 12). Prurites. uricavia, aad posibve Coombs test each Gocuteed m tess than} in 250 patents 
and, as with ather cephalosporins, rare cases of anaphylaxis. erythema multforme. and Stevens-Johnson syndrome have 
ocnurred 

Blood: A decrease in hemogiobin and hematocet has been observed in Tin 10 patients and transient gosmophka m 

tnta patients Less common reactions seen were transient neutropenia (ess than tin 100 patents} and leukopenia 

{1 in 750 patents: A similar pattern and incidence were sean with other cephalosporins used m controlled studies. 

Hepatic: Hansa nse in SGOT and SGPT (1:n 25 patients), alkaline phosphatase (119 50 patents), LDH (1 7% patents). and 
bitirubn {tin 506 patients} levels has been noted. 

Kidney: Elevations m serum creatinine and/or diood urea nitrogen and a decreased creatinine Clearance have been observed 
Mut ther relabonship to cefuraame r unknown 
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in addition io the adverse reactions usted above that have been observed in pat 5 treated with ceturoxme, the folowing 
adverse feachens and altered laboratory tests have been reported for cephaosponn-class antibiotics 
‘Adverse Reactions: Toxic. epdermal necrolysis. fever, vomiting, abdominal pain. colitis vagiatis meluding vaginal 
candidiasis, lox nephropathy, hepatic dystunction wncluging cholestasis, apiaste anemia, hemolytic anena. 
arnage, 
Several cephalospering have heen nipi 


















jenna seizures. parlicuiady in pahents with resal mnpairment 
when the dosage was not reduced iser DOSAGE Ai ADMINISTRATION) If seizures associated with drug therany 
should occur. the drag should be discantwtued Anticonvulsant therapy car be gaen tf clinically indicated 
Altered Laboratory Tests: Protonged prathromtin time, pancytopenia, agranulocytosis. thrombocytopenia 
DOSAGE AND ADMINISTRATION: (See complete prescebing information m Zinace® produet tabeting} 
Impaired Renal Function: A reduced dosage must be employed when rena! function 1s impawed Dosage should be 
determaned by the degree af renal impairment and the susceptibility of the causative organism {see Tabie Lin promuct 
package insert) 
HOW SUPPLIED: Zinace!* in the dry state should be stored between 15% and 30°C (59° and 86°F) and protected frorn 
fight, Zi 6a dry white to all-white powder supplied in wais and infusion parks as falows 
NDC 0173 34 750mg Vial (Tray of 25) 
NOG OV30354.35 §.5.g° Veal (Tray of 28) 
NOC 0173-0353-32 740-mg" Infusion Pack (Tray of 18) 
NOC 0173-0356.32 1.5-g" infusion Pack (Tray of 18) 
NOC OI75-0408-00 75-y Pharmacy Buik Package (Tray af 6 
inace! trezen as a premixed solution of cefuroxene sodara should not be stored above -20°C Zinacel is sunphed frozen 
in 50-mi, single-dose. plastic containers as follows. 
NGO O173-1424.G0 750-mg" Plastic Container (Carton ot 24) 
NOC 0173.0425-00 1.5-9° Plastic Container (0 
"Equivnient to calunaxime, 
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Glaxo Pharmaceuticals 


OIR OF ALANS ONC 


Research ionge Park, NG 27709 


Pinacet® istenie coturomme sodium): Glaxo Pharmaceubcals, Research Trangia Park NC 27708 n5 
Jinare®™ freturoxmne sodium miechony Manufactured for Glaxo Specalties inc Research Tr angie Park. NC 
by Baxter Healthcart Corporation, Deerfield, R 60015 
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What 
will you tell her 
about 
screening 
mammography? 


Many of your patients will hear about 
screening mammography through a program 
launched by the American Cancer Society and 
the American College of Radiology, and they 
may come to you with questions. What will 
you tell them? 

We hope you'll encourage them to have a 
screening mammogram, because that, along 
with your regular breast examinations and 
their monthly self examinations, offers the 
best chance of early detection of breast cancer, 
a disease which will strike one woman in 10. 

If you have questions about breast cancer 
detection for asymptomatic women, please 
contact us. 


Professional Education Dept. 
R National Headquarters 
90 Park Avenue 


® 
SOCIETY“ New York, New York 10016 


or your local society 


American 1891 Preston White Drive 


‘(College of Reston, Virginia 22091 
\G Radiology (703) 648-8900 
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Nobel Laureate: Joseph E. Murray, Clinical 
Surgeon, Scientist, Teacher 


n Monday, October 8, 1990, the Clinical Congress of the 
American College cf Surgeons and the surgical communi- 
ty at large were elated by the announcement that the Nobel 
Committee had awarded the 1990 Prize for Medicine or Physi- 
ology to Joseph E. Murray, MD, of Brigham and Women’s 
_ Hospital in Boston, Mass, and to E. Donnall Thomas, MD, of 
the Fred Hutchinsor Cancer Center, Seattle, Wash, for their 
discoveries enabling organ and cell transplantation. Dr Mur- 
_. ray performed the first successful transplantation of a kidney 
from a living donor in identical twins. Subsequently, he dem- 
onstrated the feasibility of cadaverie kidney transplantation 
by ameliorating the immune response initially with radiation 
and subsequently with drug therapy, notably azathioprine 
and steroids. Dr Thomas demonstrated that methotrexate 
: likewise would ameliorate the graft-vs-host response in bone 
_ Marrow transplantation. This work was the seminal research 
that not only established organ transplantation, a human 
dream from the time of the early Church and the legend of 
Saints Cosmos and Damien, as clinical reality, but also gave 
impetus to intense and productive study of the biology of the 
immune response. 
.. “Real talent is pure gold. Brilliant research capability, or 
-the ability to inspire and teach, or outstanding clinical skills: 
rarely are all three in one individual, nor does that matter in a 
well-balanced institution. Institutional balance requires vi- 
sion, riches, space.” That Harvard University has vision, 
_ Yiches, and space enough, most would agree. However, indi- 
- Viduals like Joseph Murray, pure gold, are uncommon. 
Joseph Murray clearly is real talent. His research capabili- 
_ ty, although always acknowledged and recognized by his 
peers in the surgical ecmmunity, has now been accorded the 
ultimate prize in science. The initial work required surpassing 
clinical skills as well as fundamental scientific inquiry. More- 
over, there was scrupulous attention to the moral and ethical 
considerations of subjecting a healthy normal human to an 
_ extensive surgical procedure to benefit an ill relative dying of 
chronic renal disease. 

Joseph Murray is a superb clinical surgeon. The technical 
details of renal transplantation have undergone subtle refine- 
ments over the years, but the essentials of that remarkable 
operation have remained intact since it was devised by Dr 
Murray with the assistance of a urologic colleague, J. 

-Hartwell Harrison. 
Joseph Murray is a generalist, even rarer in the modern 
“university than the triple-threat academician. “Unbridled 
specialization is higher education’s mortal sickness leading to 
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Joseph E. Murray, MD, in 1965 


atomistic narrowness and incoherence.” Ever increasing 
specialization has been rationalized as inevitable because of 
the expanding universe of knowledge. Specialization, of and 
by itself, may well be inevitable for the reasons given, but the 
fragmentation and attendant evils that follow in its wake need 
not be. One can and should direct energy and talent in a 
focused manner, lest they dissipate with little trace. The focus 
of a surgical specialist, however, should not gainsay genuine 
interest in the entire field of surgery, nor in continued acquisi- 
tion of general knowledge—the mark of an educated individ- 
ual. The paradigm of an educated surgeon is Joseph Murray. 
After graduating from Harvard Medical School in 1943, 
Joseph Murray interned at Peter Brigham Hospital in Bos- 
ton. The war years, however, interrupted his residency. He 
was assigned by the US Army to Valley Forge Hospital, 
which was a center for the reconstruction of form and function 
in the wounded of World War II. There he acquired the skills 
of plastic surgery, exposed to men like James Barrett Brown 
of St Louis, Mo, Bradford Cannon of Boston, Carl Lischer of 
St Louis, Andrew Moore of Lexington, and others. These 
skills he honed in that intense experience. After the war he 
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S completed his surgical peaidency at the Brigham Hospital. Dr 
- — Murray then had a fellowship in head and neck surgery at the 
-Memorial Sloan Kettering Hospital, New York, NY, followed 
- by an additional year of plastic surgery training at New York 


Hospital. He then returned to the Brigham Hospital to begin 


: his work in the surgical research laboratory in transplanta- 


tion. While his avocation was transplantation, his vocation 
was plastic and reconstructive surgery. The bridge between 
the two was burn wound coverage and skin homografting. 
The original twin pair in whom the kidney transplant opera- 
tion was performed had their monozygosity established by 
` full-thickness skin grafting—a technique originally reported 
by James Barrett Brown.’ 

In the 1950s both the medical service and the surgical 
service at the Brigham Hospital were very much engaged in 
finding ways to treat end-stage renal disease, then universal- 
ly fatal. A kidney dialysis machine was conceived by Willem 
Kolff, Carl Walter, and engineer Edward Olson. John Merrill 
` began the dialysis care of these chronically ill patients (Har- 


yard Medical Area Focus, October 11, 1990:1-5). Dr Murray, 
-< fledgling assistant clinical professor of surgery, began stud- 


` jes directed toward breaching the immunogenetic barrier to 
: make renal transplantation possible. Basic studies were car- 


"tied out in mice, rabbits, and dogs. Hundreds of experiments 


~ were carried out in dogs, the practical animal model closest to 
the human, to develop not only the surgical transplantation 
technique, but methods. of immunosuppression, induction of 

tolerance, and adaptation.‘ After much preliminary and thor- 
ough experimental work in animals, the first successful hu- 
man renal transplant was carried out in identical twins on 
December 28, 1954.° 

<>. While the renal transplantation work was going on, Dr 
Murray built a clinical practice in plastic surgery and made 
significant contributions to head and neck oncology. He and 
Donald Matson, Chief of Neurosurgery at Brigham and Chil- 
dren’s hospitals, combined their skills to develop a craniofa- 
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cial apstoaith to orbital tumórsi in children. Their work, ‘along 
with that of Paul Tessier in France and John Converse and 
Milton Edgerton in the United States, demonstrated. the 
feasibility, safety, and accuracy of craniofacial surgery and 
clearly established craniofacial surgery as a subspecialty of 
surgery. 

Follewing the retirement of Donald McCollum, attending 
plastic surgeon at the Brigham and Childrens Hospitals, Dr 
Murrar was appointed chief of that division. He not only 
enlarged the scope and diversity of plastic surgery at those 
institutions, but also established a postgraduate training pro- 
gram im plastic surgery, the first such residency program in 
Boston. It quickly acquired a deserved reputation for excel- 
lence because of Dr Murrays skills as a teacher and his 
exampE as a clinical surgeon and investigator. 

His legacy to humankind: a definitive answer to end-stage 
renal d:sease, a powerful stimulus to basic immunologic re- 
search worldwide, craniofacial reconstruction, character, and 
kindness. His legacy to surgery: two entirely new fields of 
surgery, the stimulus and inspiration for numerous leaders of 
surgery not only in this country but throughout the world, 
and the model of an educated surgeon. 


MAURICE J. JURKIEWICZ, MD 
Atlanta, Ga 
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On the Supply of Physicians 


Peter I. Buerhaus, PhD, RN, George D. Zuidema, MD 


+ The congressionally created Council of Graduate Medical 
Education is conducting a study to assess the adequacy of the 
current and future supply of physicians in six specialties. The 
study is revising and updating the needs-based method used by 
the Graduate Medicai Education National Advisory Committee 
and using this method to project the requirements for physicians 
forthe next two decades. Projections on the supply of physicians 
will be based on the latest data from the federal government's 
Bureau of Health Profession’s health manpower model. Previous 
physician manpower studies are reviewed to provide a historic 
perspective end a frame of reference for the variables, data 
. $ources, and assumptions being considered by the Council of 

|. Graduate Medical Education study. 
` (Arch Surg. 1990;125:1425-1429) 


n 1987, Congress created the Council on Graduate Medical 

Education (COGME) to provide advice and recommenda- 
tions on issues concerning the current and future adequacy of 
physician supply and financing of graduate medical educa- 
tion.’ In July 1988, COGME issued its first report and with 
respect to the supply of physicians concluded that: 


. . „there is now or soon will be an aggregate oversupply of physicians 
in the United States. . . . There are significant uncertainties which 
.. could change this assessment . . . and there is conflicting evidence as 
~ to whether an oversupply of physicians would necessarily lead to 
. socially undesirable consequences.’ 


a In light of these conelusions, COGME recommended that: 


At the present time, the federal government should not attempt to 
influence physician supply in the aggregate . . . and that the number 
of first-year positions in graduate medical education should not be 
used to reduce the supply of licensed physicians in the aggregate; 
rather, if steps are taken to reduce physician supply, the reduction 
should take place in entering medical school class size, 0? ™® 
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This article describes the study that COGME’s Subcommit- 
tee on Physician Manpower is conducting to determine the 
adequacy of the future supply of physicians, Preceding this 
description, a review of previous manpower studies is pro- 
vided to help place COGME'’s study within the broader con- 
text of physician manpower planning and to acquaint the 
reader with some of the variables, assumptions, and issues 
that the study is confronting. 


EARLY PHYSICIAN MANPOWER STUDIES 


Although Flexner’s historic report’ to the Carnegie Foun- 
dation in 1913 does not fit the mold of the more contemporary 
physician manpower studies discussed later, it has probably 


exerted a greater influence on determining the supply Of 
physicians than has any of its successors. It is worthwhile, 


therefore, to recall that Flexner proposed a substantial re- 
duction in the number of the nation’s medical schools, from 
155 to 31, and to limit their total capacity to a graduating class 


of 3500 students. These reductions, Flexner believed, would > 


still provide enough physicians to meet the nation’s needs for 


at least two generations. State legislatures and others in 


health policy promptly endorsed many of Flexner’s recom- 
mendations, with the result being that more than half the 
medical schools in existence at the time were subsequently. 
closed. ; 
Twenty years later, in 1933, two economists, Lee and 


Jones,’ established what has become the classic needs-based 


approach to analyzing manpower for health care. This ap- 
proach involved developing annual population expectancy — 
rates of disease and injuries from which expert physicians 
made professional judgments on the number of medical ser- 
vices and the amount of time that would be required to 
diagnose and treat each illness. Based on their extensive data 
collection and analysis and using a 40-hour workweek as 4 
baseline, Lee and Jones calculated that 165 000 physicians 
would be required to meet the nation’s needs, or a ratio of 135 
physicians per 100 000 population. To these investigators, a 
“shortage” of physicians was equal to the difference between 
the current physician-to-population ratio and the ratio caleu- 
lated using their needs-based method. 


Although there were other reports and studies during the =c 


next three decades, perhaps the most significant was the 1959 
Report of the Surgeon Generals Consultant Group on Medi- 
cal Education.‘ The upshot of this report was its attempt to — 
establish a normative benchmark for assessing future re- 
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quirements of physicians, and that benchmark was to equal 


“140 physicians per 100 000 population, which incidentally was 


the ratio that existed in 1959. 

The Study of Surgical Services for the United States, bet- 
ter known as SOSSUS, was the next important effort to 
analyze physician manpower needs.’ Conducted between 
1970 and 1975, SOSSUS was a comprehensive study spon- 
sored by the American College of Surgeons and the American 
Surgical Association. Its purpose was to collect and synthe- 
size data on all phases of surgical care, including the following: 

„surgical manpower; organization, provision, and financing of 
surgical services; interprofessional relations; quality of surgi- 
cal care; legal and ethical issues; surgical research; and impli- 
cations for surgery and government relations. 

With respect to its surgical manpower analysis, the study 
was composed of four separate but related studies. One study 
collected data on the number and rate of surgical operations 
performed within four geographic areas of the United States 
during 1970, and another study collected and analyzed data on 
the distribution of board-certified surgeons throughout the 
country. Additionally, two studies were conducted in which 
separate surveys of practicing surgeons and residents were 
administered to collect data on work patterns, number of 
operations performed, biographic characteristics, income, 
and how professional time was used. Data were also collected 
on the number of medical school graduates expected to enter 
and complete surgical residency programs, the number of 
foreign medical graduates entering surgical residency pro- 
grams, the number of board-certified surgeons, the number 

- of deaths of physicians, retirement rates of physicians, and 

the growth rate of the US population. 
The results of these separate studies were brought togeth- 


er to formulate projections on the number of board-certified 


surgeons per 100 000 population for the 10 surgical specialties 
that existed at the time. The Study of Surgical Services for 
the United States concluded that 54 000, or a ratio of 24 board- 
qualified and board-certified specialists per 100 000 popula- 
tion, was reasonable. However, if the number of non- 
board-certified surgical practitioners was included in the 
count, then the total number of physicians performing surgi- 
cal operations was thought to be excessive. Finally, SOSSUS 
recommended a reduction in the number of surgical residents 
and board certification rates to between 1600 and 2000 per 


year through the 1980s. 


The next major physician manpower study was conducted 
by the Graduate Medical Education National Advisory Com- 
mittee (GMENAC).° The model GMENAC used to caleulate 
the future supply of physicians involved four components. 
The first used 1978 as the baseline and estimated that there 
were 375 000 full-time—equivalent, actively practicing physi- 
cians. This number was then adjusted to account for expected 
deaths, disabilities, and retirements, which led toa projection 
of the number of physicians who will be actively practicing in 
the next two decades. The second component of GMENAC's 
supply model estimated the number of graduates from US 
: medical schools, students who were expected to transfer from 
foreign medical schools to US medical schools, and those 
expected to enter practice in the United States after complet- 


ing residency requirements. 


The third component projected the number of future gradu- 
ates of foreign medical schools who were expected to enter 
practice in this country after completing their residency 
training. The final supply-side component attempted to ac- 
count for the provision of medical care contributed by resi- 
- dents in training. The Graduate Medical Education National 
Advisory Committee concluded that, on average, each resi- 
dent was equivalent to 35% of one full-time, active physician. 
The results of these four supply-side components were com- 
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Tabe 1.—Graduate Medical Education National Advisory 
Committee Physician Manpower Estimates* 


Year Supply 


1990 535 750 466 000 69 750 
2000 642 950 498 250 144 700 


*Data frem Graduate Medical Education National Advisory Committee.® 


Requirements Oversupply 





bined to formulate projections on the numbers of physicians 
expected to be actively practicing in 1990 and in 2000. 

The method used by GMENAC to determine future re- 
quirements for physicians was more complex and relied 
heavily ən subjective judgments. First, an expert panel of 
physicians determined the ideal norms of medical care for all 
diagnoses of the International Classification of Diseases, 
Hospita. Adaptation. Next, a “modeling panel” examined 
each of tre norms of care and made further revisions in three 
areas: eminating overlaps in which two or more specialties 
dealt with the same disease or condition; superimposing eco- 
nomic, secial, and behavioral constraints to make more realis- 
tic the a-tainment of the level of services for each disease or 
condition; and considering how other health care profession- 
als could-meet physician requirements for each specialty. The 
effect of these adjustments was to make GMENAC'’s recom- 
mendatiens on physician requirements reflect a middle posi- 
tion betv-een what was truly needed and what was reasonably 
achievab:e by 1990 and by 2000. Table 1 shows GMENAC’ 
projections of the supply of and requirements for physicians. 

The Graduate Medical Education National Advisory Com- 
mittee’s methods and projections have not avoided criticism. 
As Harr's’ has commented, the number of published eriti- 
cisms of fhe GMENAC report is an indication of the influence 
it has had on public policy. The subjectivity involved in mak- 
ing judgments about medical care needs has probably been 
the most controversial area, but GMENAC has also been 
criticized for not adequately anticipating the number of wom- 
en entering medicine; failing to foresee the liability crisis that 
has caus2d many physicians to reduce the scope of their 
practice er retire early; ignoring the growth in health mainte- 
nance organizations (HMOs) and the resultant changes in the 
productivity of physicians working in managed-care settings; 
and not anticipating the onset of acquired immunodeficiency 
syndrome or how Alzheimer’s disease could change require- 
ments for physicians. These shortcomings are mentioned 
here, not.as an attack on GMENAC, but simply to illustrate 
how quickly events change, and to point out that much of the 
accuracy and practical value of manpower projections depend 
on the secpe and validity of underlying assumptions and data. 


PHYS CIAN MANPOWER STUDIES SINCE GMENAC 


In one way or another most of the physician manpower 
studies reported since the GMENAC study have attempted 
to address the aforementioned criticisms, update assump- 
tions, and use more current data. For example, the major 
focus of 'Earlov’s’ study was on analyzing how growth of the 
population enrolled in HMOs would reduce requirements for 
physicians. After first updating several factors affecting the 
supply of physicians, Tarlov formulated two scenarios con- 
cerning te proportion of the population that might be cov- 
ered by HMOs in the future. The first scenario used a baseline 
ratio of 120 physicians required per 100000 enrollees in 
HMOs, ard assumed that 120 million people (ie, approximate- 
ly 44% of the population) would be enrolled in HMOs in the 
year 2000 The second scenario assumed that 60 million people 
would be 2nrolled in HMOs. In either case, Tarlov concluded 
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that the growth in HMO enrollees, together with the effect of 
regulations and practice arrangements that are being imple- 
mented to decrease utilization of medical care, will result ina 
steady decline in the demand for physicians’ time in the years 
ahead. 

The next set of physician manpower projections was pub- 
lished by the federal government's Bureau of Health Profes- 
sions (BHPr).’ On the supply side the BHPr updated projec- 
tions on the number of foreign medical graduates, medical 
school enrollments, and medical student transferees who 
would be entering medical practice. These modifications led 
to a prediction of 708000 and 820810 actively practicing 
physicians in the years 2000 and 2020, respectively. Projec- 
tions of the total numer of physicians required were based on 
assumptions concerning changes in the population, medical 
care prices, the extent of the population covered by health 
insurance, and a variety of other nonprice factors. A require- 
ment of 637 000 physicians was projected for the year 2000, 
and 758500 in 2020. When compared with its estimates of 
physician supply, the BHPr concluded that a surplus of 71 600 
physicians will exist at the end of this decade and will decline 
only to 62 310-by the year 2020. 

About the time that the BHPr’s projections were pub- 

lished, Jacobsen anc Rimm” reported the results of an analy- 
sis in which certain GMENAC supply-side factors were reas- 
sessed. These factars concerned enrollment declines in US 
medical schools, increases in the number of female physicians, 
and changes in the productivity of physicians. After making 
adjustments to each of these determinants, the supply of 
physicians in the year 2000 was projected to be 537 000. 
Comparing this prediction with GMENACS estimated need 
of 498 000 physicians, an oversupply of 39 000 physicians was 
projected. Furthermore, noting that one of GMENAC's rec- 
ommendations called for not allowing future graduates of 
foreign medical schools to practice in the United States, 
_. Jacobsen and Rimm estimated that had this recommendation 
_ been implemented, the projected surplus of full-time physi- 
dans would only be 5000 by the year 2000. 
’. Inthe latter part of the 1980s, the American Medical Asso- 
ciation (AMA) Center for Health Policy Research also con- 
ducted a study on physician manpower. ™? The AMA’s sup- 
ply-side projections were based on different assumptions 
than BHPr's model ecncerning the number of US medical 
graduates, the number of foreign medical graduates, the 
number of allopathic physicians, attrition rates, and retire- 
ment rates for men and women in the base year 1986. Al- 
though its supply estimates were lower than the BHPrs, the 
AMA nevertheless projected a 24% increase in the supply of 
physicians between 1985 and the year 2000. 

Unlike the BHPr model projecting requirements for phy- 

sicians, which assumed variation in utilization by age, race, 
sex, per capita incame, and price of medical care, the AMA 
model assumed thet most of these variables would remain 
relatively constant. As a result, it estimated a 14.5% growth 
in utilization between 1985 and the year 2000, whereas the 
BHPr's estimate was 19.1%. Although the AMA acknowl- 
edges that supply will grow faster than demand, it makes 
explicit its view that this does not necessarily imply a surplus 
of physicians. The authors of the study write: 
Concepts of surplus er shortage as used in the health manpower 
literature are essentially normative comparisons. Our analysis uses 
current utilization patterns as a base of comparison. These patterns 
do not represent a normative standard because not all segments of 
society utilize health services “appropriately.”" 


The next-to-last study reported in the research literature 
‘provides a different scenario than the studies reviewed thus 
far. Schwartz and colleagues” used BHPr's supply-side esti- 

mates but made additional adjustments to account for the 
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Table 2.—Estimating the Supply and Requirements for 
Physician Manpower 


Year 2000 Projections 








y 















































Excess 
Source, y* Supply Requirements {Deficit) 
SOSSUS.* 1970-1975 
if only board-certified 
or qualified 
surgeons are 
counted Reasonable 
If all others 
performing 
surgery are 
counted fue sate Excessive 
GMENAC,® 1980 642 950 498 250 144 700 
Bureau of Health 708 600 637 000 71 600 
Protessions,? 1986 = 
Jacobsen & Rimm, 537 000 498 000 39 000 





1987 


American Medical 
Association, "=? 1988 


Schwartz et al, 1988 













633 200 
+24% 


585 000 


Normative 
judgments 


(7000) 









+14.5% 
592 000 






*SOSSUS indicates the Study of Surgical Services for the United States; 
GMENAC, Graduate Medical Education National Advisory Committee. 


number of physicians primarily engaged in teaching, re- 
search, and administration or other activities not directly 
involved with providing patient care. They also made refine- 
ments in estimates of the number of physicians who are 
women, and made adjustments to reflect fewer clinical ser- 
vices provided by house officers due to shorter workweeks, 
which these investigators believe will become the norm in the 
1990s. The effect of these adjustments was to reduce substan- 
tially the BHPr's projection of the supply of active physicians 
from 708.000 to 585 000 in the year 2000. 

On the demand side, Schwartz and colleagues" anticipated 
that advances in technology, rapid growth in the number of 
people with acquired immunodeficiency syndrome, aging of 
the population, increasing health insurance coverage, and 
gains in real personal income will combine to increase the 
demand for medical care between now and 2000. And, as in 
Tarlov’s study,’ several assumptions were made about the 
growth of competitive medical plans and their negative effect 
on the demand for physicians. Taken together, the above 
factors resulted in an estimated demand of 592 000 physicians 
in 2000. When compared with the supply prediction of 
585 000, Schwartz and colleagues concluded that there will be 
a deficit of only 7000 physicians in 2000. 

Finally, Schwartz and Mendelson‘ used economic theory to 
guide their analysis of data on hours of patient care provided 
by physicians, number of patient visits, and real physician 
income between 1982 and 1987. They argued that if the mar- 
ket for physician services was characterized by an excess 
supply, one would expect to observe a decrease in work loads 
and physician incomes. But because their analysis showed 
that hours of patient care had risen by 21.8% and physician 
incomes by 33.9% during the study period, demand must be 
increasing faster than supply. To bolster this claim, the inves- 
tigators cited two recent surveys conducted by a physician 
recruitment organization, which found that both hospitals 
and medical groups were actively recruiting additional 
physicians. 

The physician manpower projections made by these studies 
are summarized in Table 2. Although there is considerable 
disagreement in the size of the excess, most of the projections 
support GMENAC% prediction of an oversupply. Additional- 
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Table 3.—Projected and Actual Supply of 
Surgical Residents 




















Surgical American College GMENAC* % Change 
Residents’ of Surgeons Count, Projections to Reach GMENAC 
Specialty 1988/1990 for 1990 1990 Projection 
General surgery 7982 9200 12.8 
Pediatrics 35 Ree | AE i 
Vascular 













Colorectal 
Neurologic 714 700 
Obstetrics/ 2 





























gynecology 4578 6200 35.4 
Ophthalmology 1552 2600 67.5 
Otolaryngology 1069 1400 31.0 









Plastic 











*GMENAC indicates Graduate Medical Education National Advisory Com- 
mittee, 

tGMENAC’s counts within general surgery included pediatric surgery, 
vascular surgery, and colorectal surgery. The American College of Surgeons’ 
ču. Counts of these three specialties were included within general surgery to 

-..determine the required growth rate. 
`. $Has exceeded GMENAC's 1990 projection. 


ly, the studies illustrate the different approaches, variables, 
and data sources that were used and underscore the sensitiv- 
© ity of projections to underlying assumptions. Therefore, it is 
not unreasonable to suggest that one should avoid expecting 
physician manpower studies to produce estimates that exact- 
ly match the number of physicians who will either actually be 
available or actually be required in future years. This point is 
made abundantly clear in Table 3, which shows a comparison 
of GMENACS projections of surgical residents with the actu- 
al number of residents counted by the American College of 
Surgeons.” Although GMENAC was the most complicated 
and expensive of all manpower studies, nevertheless, with 
the exception of neurologic surgery, the actual number of 
residents in every surgical specialty is substantially below the 
number projected for 1990. 


COGME’S PHYSICIAN MANPOWER STUDY 


As noted earlier, COGME’s Subcommittee on Physician 
Manpower is now conducting a study to fulfill the congressio- 
nal requirement to produce a report in 1991 that will provide 
an estimate of the adequacy of physician supply for the next 
two decades. The study is designed to update GMENAC’s 
needs-based model for estimating requirements for physi- 
cians in six physician specialties that were determined by the 
subcommittee to be under substantial stress. The specialties 
include family practice, general pediatrics, obstetrics/gyne- 
cology, general internal medicine, general surgery, and gen- 
eral and child psychiatry. In addition to quantitatively revis- 
ing GMENAC'’s needs-based projections of GMENAC and 
extending them through the year 2010, COGME'’s supply 
projections will be based on the BHPr’s projections through 
the year 2010. These projections will be adjusted to incorpo- 
rate osteopathic supply and other modifications as deemed 
appropriate. There will also be a qualitative assessment of 
how various economic, social, and behavioral constraints may 
affect the future supply of and requirements for physicians. 

The study will be managed for COGME by Abt Associates 
Inc, a Boston-based consulting firm, and led by coproject 
directors Gary Gaumer and William Mauder. They have met 
with representatives from each of the six specialties to elicit 
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their input on the methodologic approach, relevant issues, 
and appropriate databases that should be used in the study. 
An advisory group has also been developed to assist the study 
directors and consists of approximately 30 members from the 
six physician specialty organizations, other specialties, and 
representatives from other health professions. With assis- 
tance from the advisory group, the study directors and repre- 
sentatives from the six specialties have begun to implement 
an analytic plan for reexamining the GMENAC’s needs-based 
projections. This plan incorporates the following: (1) the 
methods for revising needs projections to the year 2010; (2) a 
determination of how and which morbidities and morbidity- 
related estimates will be revised or added (eg, acquired im- 
munodeficiency syndrome); and (3) a determination of how 
other GMENAC modeling components will be revised to 
incorporate other changes (eg, the effects of shifts of inpatient 
care to outpatient settings or the effects of new technology). 
The revision of the needs-based methods and use of more 
recent data will culminate in the development of projections of 
need for the six specialties for the years 1990, 2000, and 2010, 

To project the supply of physicians, the latest projections 
from the Bureau of Health Professions will be used. Osteo- 
pathic specialty supply for the six specialties will be factored 
into these projections, as will certain of the bureau's supply- 
side assumptions. These adjustments will include some of the 
factors described earlier, including, for example, the less than 
full-time—equivalent contributions of residents to patient 
care, the number of female physicians, changes in work pro- 
ductivity, and the geographic distribution of specialists. 

The study will also provide an assessment of the effect that 
various economic, social, and behavioral constraints may 
have on the conclusions of oversupply or undersupply or on 
the relationship between the supply and need for physicians. 
Among others, these constraints will include issues concern- 
ing access to care; the problems of the underserved popula- 
tion, including minority, rural, and inner-city concerns; the 
effects of malpractice on retirement, access to care, and the 
future supply of obstetricians/gynecologists; changes in 
health insurance coverage among the population; differing 
standards of medical care by region of the country; effects of 
organizational structure on patterns of care and illness man- 
agement; impact of diagnosis related groups and the re- 
source-based relative value scale payment system; changes in 
resident work hours; and the impact of minorities on medical 
school enrollments, graduate medical education, and the phy- 
sician manpower pool. 


COMMENT 


It is important to realize that in contrast to the generously 
funded GMENAC study, COGME'’s Subcommittee on Physi- 
cian Manpower is confronted with substantial budget con- 
straints. It is also obliged to complete the study in time to be 
included in COGME’s overall report in 1991. These limita- 
tions have necessitated difficult choices concerning the num- 
ber of specialties that could be studied and the degree to 
which all assumptions could be modeled quantitatively and 
incorporated into the analysis. To extend the breadth of the 
study, all the specialties have been invited to participate, 
although, of necessity, that participation has had to be at their 
own expense. 

The COGME study is well under way, and there will be 
opportunities for all interested parties to review results, 
recommend changes, and otherwise participate in the process 
of making the study as valuable and useful as possible to all 
those who are concerned with making informed decisions on 
the nation’s supply of physicians. 

It is important to recognize, however, that there are cer- 
tain limitations that are inherent in any needs-based manpow- 
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er study. For example, a needs-based study deals with the 
issue on a national basis, and as such a series of very general 
assumptions are made. This type of study assumes an ideal, 
uniform distributior ef both population needs and physician 
- access. It is also predicated on a stable health care provision 
_ system and uniform ability to pay for health services. To 
-accommodate these deficiencies, a number of important as- 
‘sumptions must be made, and these introduce possible errors 
in interpretation. We found this to be true with GMENAC 
“cand we can expect there to be many of the same kind of 
limitations with COGME. 
© This should not be used as a reason to negate or downplay 


manpower studies, but in fairness we should set the stage for 
COGME’s. study by acknowledging these limitations. This is- 
especially true as we see our present health care system 
coming under increasing fire over issues of problems of ac- 
cess; the large number of underserved or underinsured, liabil- 
ity costs and unnecessary care related to defensive medicine; 
and costs:of health care as part of our gross national product. 
We have astrong sense today that our health care system isin 
transition, and changes here will have a profound effect on 
manpower issues. We must be prepared to monitor manpow- 
er projections as an important element in our provision sys- 
tem and be prepared to respond as change appears necessary. 
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Surgical Anatomy Question 


The ligament of Treitz should be properly termed the suspensory muscle of the duodenum. 


[True or False?] 
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Heart Transplantation in Jehovah’s Witnesses 


-An Initial Experience and Follow-up 


‘Michael S. Sweeney, MD; O. H. Frazier, MD 


© More than 25 years of experience performing heart surgery 
on Jehovah's Witnesses has culminated in successful cardiac 
transplantation without administering blood products in five pa- 
_ tients (mean age, 44.4 + 8.3 years) of this faith. The use of blood- 
. Conserving methods, iron supplementation, bone marrow—spar- 
Ing maintenance immunotherapy, and brisk postoperative 
-diuresis has added to the efficacy of cardiac transplantation in 
these patients. No perioperative deaths occurred, and early fol- 
_ low-up studies have shown that these patients have not been 
_ More susceptible to higher graft rejection rates due to the lack of 
: pretransplant blood transfusions. As more Jehovah’s Witnesses 
„undergo heart transplantation in the future, comparison with 
other recipients who allow pretransplant blood transfusions may 
lead to a better understanding of rejection immunoblology. We 
conclude that cardiac transplants may be safely offered to Jeho- 
~. vab’s Witnesses without fear of a uniformly poor outcome. 

(Arch Surg. 1990;125:1430-1433) 















ae I: the 25 years since the Texas Heart Institute, Houston, 
_ di first reported successful cardiac surgery in Jehovah's Wit- 
_. hesses,' many advances have been made to promote the safe- 
~ ty and reliability of operations without the use of blood or 
blood component transfusions.” Although more Jehovah's 
_ Witnesses are undergoing low-risk cardiac operations with 
successful results, surgeons are generally reluctant to per- 

_ form major cardiac operations in these patients. We believe 
__ that special consideration to surgical detail, further develop- 

-ment of asanguineous cardiopulmonary bypass techniques, 
_ and improved methods of perioperative management can re- 
- sult in a successful outcome at tolerable risk levels for this 
=: group of patients. 

In 1986, Corno et al’ reported the first successful cardiac 
-transplant operation in a Jehovah's Witness. In 1988, we 
_ Yeported our first successful experience with heart transplan- 
_ “tation in a Jehovah’s Witness”; since then, four more have 
undergone transplants at the Texas Heart Institute. Our 

< experience shows that cardiac transplantation in Jehovah's 
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~ Clay M. Burnett, MD; J. Michael Duncan, MD; J. David Vega, MD; James L. Lonquist, MD; 


Witnesses can be expected to provide an outcome similar to 
that of any other subset of transplant recipients. 


PATIENTS AND METHODS 


Between October 1987 and July 1989, five patients of the Jehovah's 
Witness faith with end-stage cardiomyopathy underwent orthotopic 
cardiac transplantation at the Texas Heart Institute. All the patients 
were men, aged 44.4+8.3 years (mean+SD [Table 1]), None had 
undergone previous cardiac operations. Idiopathic cardiomyopathy 
was the indication for transplantation in all but one patient, who may 
have had a postviral cardiomyopathy. All patients refused to allow 
the use of blood or blood components, although one did allow reinfu- 
sion of shed mediastinal output from the bypass circuit. Other than 
their refusal of blood component therapy, patients had no other 
contraindications to transplantation. 


Preoperative Evaluation 


Preoperative laboratory studies were limited to prevent unneces- 
sary hemoglobin reduction. The mean hemoglobin level (+ SD) of the 
patients was 137 + 15 g/L (range, 114 to 158 g/L), and lipid levels were 
normal. The mean preoperative serum iron and reticulocyte counts 
were 11.6+1.9 pmol/L and 26x 10°+8x 107", respectively. Sero- 
logic studies revealed that all five patients had been exposed to 
cytomegalovirus and herpes viruses, but not to hepatitis or human 
immunodeficiency viruses. All patients underwent cardiac catheter- 
ization procedures that revealed a mean ejection fraction of 
17.4% + 3.7% and a mean cardiac output of 3.7 + 1.0 L/min. 


Donor Selection 


The donors included four men and one woman (mean age, 32.4 
years), all of whom had body sizes and weights within 5% of their 
respective recipients. The mean ischemic time was 104.8 + 51.6 min- 
utes (range, 58 to 184 minutes). Two of the five patients received 
donor hearts obtained through long-distance procurement. 


Perioperative Management and Operative Techniques 


Immunosuppression was induced preoperatively with azathioprine 
(4 mg/kg of body weight) administered intravenously 4 to 6 hours 
prior to transplantation. In addition to receiving azathioprine preop- 
eratively, one patient received 5 mg/d of muromonab-CD8 (Ortho- 
clone OKT3; Ortho Pharmaceutical Corp, Raritan, NJ) administered 
intravenously for 7 days to complete induction of immunosuppression 
because he developed oliguria in the immediate postoperative period; 
when his renal function improved, he continued receiving the same 
baseline therapy as the other patients. To reduce hemodilution, only 
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Table 1.— Patient Demographics 














































Preoperative 
Ejection Hemogicbin Hemoglobin Level Total Estimated Length of 
Diagnosis Fraction, % Level, g/L at Discharge, g/L Blood Loss, mL Hospitalization, d 
idiopath:c cardiomyopathy 11 158 99 1765 _ 13 
53 idiopath:c cardiomyopathy 17 144 116 1350 30 
45 idiopathic cardiomyopathy 20 1441 96 800 a 8 
43 Virai infection 22 129 99 1575 13 
35 idiopathic cardiomyopathy 17 114 94 1000 26 














17.4+3.7 137+15 1298 + 365.2 





small amounts (mean, 1720 mL) of nonhemic crystalloid prime were 
used during cardiopulmenary bypass; no pulmonary artery catheters 
were used. To farther lirniz the dilutional effects of the prime solution, 
shorter reduced-caliber extracorporeal tubing was used. No other 
deviations from our routine orthotopic transplantation protocol were 
“Necessary in any patient. 


Posteperative Management 


as 
an 
Oo 





100 


In the immediate postoperative period, the patients were given 
judicious volume expansion (hetastarch and lactated Ringer's solu- 
tion) to maintain euvolia, and appropriate procoagulant therapy (eg, 
phytonadione or protamine sulfate) when necessary to enhance he- 
_.-mostasis, To further limit blood loss, laboratory studies were kept to 
ca minimum. Pediatrie phlebotomy tubes were used when possible. 
_. From postoperative day 2 through day 5, patients received adjusted 0 

< doses of mannitol and farosemide to promote diuresis. Chest tubes 
were removed as soom as drainage ceased, usually by the third 
postoperative day. Autotransfusion of mediastinal output was used in 
only one patient. Intravenous iron dextran therapy (2 mL/d) was 
begun in the immediate postoperative period and continued until the Hemoglobin levels following cardiac transplantation. POD indicates ` 
patients resumed eating, at which time administration of oral iron postoperative day. 
supplements (225 mg every 8 hours) was started. 


Immunosuppressive Management 


The immunosuppressive regimen consisted of administering grad- 
uated doses of cyclosperine intravenously, beginning with 2 mg/kg Operative Results 
per day 12 heurs postoperatively, and increasing the dosage to All patients received orthotopi ‘ X 
f : : pic cardiac transplants. The 
4 mg/kg per day by the third postoperative day. Oral cyclosporine pase : y > š 
therapy (10 mg/kg per day) was begun when the patients resumed inean cardiopulmonary sed Sra time hss arg si 
their diets and was quickly increased to a final dosage of 14 mg/kgper (range, 55 to 91 minutes). Intraoperative blood loss was kept 


day by postoperative day 7 to day 10. Tapered doses of glucocorti- toa minimum. No patients required reexploration for hemor- 





Hemoglobin Levels, g/L 
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So 








coids were started with en intraoperative dose of 500 mg of methyl- rhage, and the mean amount of chest tube drainage was 
prednisolone administered intravenously, followed by 125 mg every 8 1010 mL (range, 600 to 1475 mL). The one patient who agreed 
hours for the next 24 hoars. to reinfusion of mediastinal output received approximately 


ae a air e e neni rd gee 400 mL of shed blood. None of the patients suffered excessive 
chnidies to maintam:a trough level 0 o (99 ngm - hemorrhage, despite elevated prothrombin times in three 
Er : i . , : , 
Trac SP RIA Kit, Ines:ar Corp, Stillwater, Minn), and the cortico- patients, two of whom had been receiving either warfarin 
» Steroid dosages (predniscne) were tapered to oral maintenance doses odium (C din) irin th ort 
< (5 to 10 mg/d). Azathieprine was not included in the maintenance  S°@/UM (Coumadin) or aspirin therapy prior to surgery. — 
regimen because of the potential for bone marrow suppression. The lowest hemoglobin levels generally occurred within 72 
Endomyocardial biopsy specimens were obtained on a routine basis hours of the operation (Figure); the mean level was 87 + 5 g/L 
according to established protocol to determine the extent of allograft (range, 77 to 92 g/L). All patients had normal or near normal 


rejection.” hemoglobin levels by the time of discharge (Table 1). 
RESULTS Postoperative complications were generally minor and re- 
sponded to therapy. One patient suffered atelectasis and 
All five patients survived the cardiac transplant operation. required bronchoscopy; one had transient bacteremia that 


At this writing, four patients were in good health with length resolved with intravenous antibiotic therapy; and one had 
of follow-up ranging from 3 to 24 months (Table 2). The mean both oral herpetic lesions, which resolved with intravenously 


ejection fraction wasapproximately 59% (range, 51% to 78%). administered acyclovir, and a mild pericardial effusion, which 
Two patients who underwent cardiac catheterization at 1- resolved with diuretic therapy. The mean length of hospital- 
year follow-up had no evidence of accelerated coronary ath- ization was 18 + 8.5 days (range, 8 to 30 days). 


erosclerosis. One of these patients died 13 months after trans- 


< plant, the only late death in this series, as a result of Incidence of Rejection 

_ discontinuing immurosuppressive therapy without the Three patients experienced one rejection episode each. 

- -knowledge of his family or physician. On autopsy, advanced Two of the patients had grade 6 rejection episodes" that were 

<- rejection and moderate coronary atherosclerosis were found. considered moderate and that responded to increased doses of 
Compliance among the remaining patients has been excellent. cyclosporine administered intravenously. One patient had a 
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Table 2.—Foliow-up Data 








No. of 
Time After Rejection Ejection 
Operation, Episodes Fraction, Hemoglobin 
mo (Grade) % Level, g/L Survived 
13 0 55 132 No* 
14 1 (6) 51 116 Yes 





4.5 0 60 140 Yes 
1 (6) 112 








1 (9) 102 


*Cause of death was noncompliance with immunosuppressive regimen. 





grade 9 episode that was considered severe, and he required 
brief monitoring in the intensive care unit while receiving 
pulsed glucocorticoids and OKT3 monoclonal antibody thera- 
py. His rejection episode resolved after 10 days of OKT3 
therapy, and he was discharged from the hospital in good 
health on the 26th postoperative day. 


COMMENT 


Five Jehovah's Witness patients have undergone orthoto- 
pic cardiac transplantation at the Texas Heart Institute with 
excellent results. All operations were performed without the 
use of blood or blood component transfusions, and none of the 
patients suffered major postoperative complications. They 
had a low incidence of rejection, and two of the patients had no 
signs of accelerated graft atherosclerosis at 1-year follow-up. 
Only one patient died of causes unrelated to the operation 
(noncompliance with immunosuppressive therapy). The re- 
maining patients have fully cooperated with the complex 


: _ posttransplant protocol, which involves frequent endomyo- 


cardial biopsies, changes in immunosuppression, and outpa- 
tient clinic visits. 

_ Several factors influenced the success of cardiac trans- 
plants in these patients. None had undergone prior cardiac 
surgery, which is currently considered a contraindication for 
heart transplantation in this population because of the risk of 
excessive postoperative hemorrhage. Improved blood sal- 
vage techniques, such as acceptable methods of autotransfu- 
sion of shed blood, conservative bypass measures (eg, limited 
amount of prime, reduced-caliber tubing, and short bypass 
times), and meticulous operative technique can all improve 
patient care and minimize complications.°*”” Optimal timing of 
iș recipient operations reduces the total ischemic time and dura- 
~ tion of cardiopulmonary bypass, thereby minimizing the po- 
tential for postoperative hemorrhage. In addition, the lower 


_ average age of our Jehovah's Witness patients and their 


otherwise good general health contributed to the low inci- 
dence of bleeding complications and the eventual successful 
outcomes. Limiting postoperative phlebotomy to only the 
essential laboratory studies and using pediatric phlebotomy 
tubes helped preserve hemoglobin levels. Finally, aggressive 
postoperative management was vital to maximize oxygen 
delivery to tissues, particularly if hemoglobin reserves were 
low. 

Since transfusions in Jehovah’s Witnesses are prohibited 
due to religious beliefs, efforts to prevent the effects of severe 
anemia and to optimize oxygen delivery warrant careful at- 
tention. Early iron therapy has been shown to be effective, 
even after acute blood loss." Despite intravenous iron thera- 
py, none of the patients in this series suffered anaphylaxis or 
iron toxicity. Additionally, forced diuresis with intravenous 
loop diuretics can artificially raise hemoglobin levels by elimi- 
nating excess extravascular body fluids obtained during ex- 
tracorporeal bypass. 

Other agents that appear to have potential for improving 
the safety of surgery without transfusions include perfluoro- 
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carbons. desmopressin acetate, aminocaproic acid, and re- 
combinant erythropoietin. Some investigators’ have advo- 
cated blood alternative compounds, such as the perfluoro- 
carbons (Fluosol-DA 20%), for use in treating Jehovah's Wit- 
nesses. Desmopressin acetate, which primarily improves 
platelet function and increases the level of the vWF, has been 
shown te aid in the treatment of postoperative hemorrhage, 
and it was used successfully in one of our patients in this 
series.” Another alternative, aminocaproic acid, is a potent 
inhibitor of fibrinolysis." Its principal effect is mediated by 
inhibition of plasminogen activator substances, and its lesser 
effect is accomplished through modulation of antiplasmin ac- 
tivity. In the future, a third alternative, recombinant eryth- 
ropoietin, which is currently undergoing clinical trials, may 
prove to be beneficial. Erythropoietin has been shown to 
reduce transfusion requirements and to increase erythropoie- 
sis in anemic patients undergoing chronic hemodialysis,” and 
this has implications for patients with chronic anemia and for 
those who refuse blood transfusions or have rare blood types 
that are difficult to crossmatch.” 

As more Jehovah's Witnesses undergo cardiac transplanta- 
tion without blood or blood component transfusions, compar- 
ing their results with patients who have previously received 
blood products may make it possible to further define the 
effects of blood transfusions on immune conditioning. Some 
investigators” believe that if patients undergoing trans- 
plantation have received one or more blood transfusions prior 
to the transplant operation, they are less likely to experience 
rejection and, perhaps, have a better graft survival rate. 
Although we have performed only five heart transplants in 
Jehovah’s Witnesses, our early results indicate that they are 
not necessarily more susceptible to rejection episodes or to 
having peor graft function. The incidence of rejection has, in 
fact, been minimal, implying that other factors may also be 
responsible for immune conditioning. 

Careful consideration must be given to the type of immuno- 
suppressive therapy Jehovah’s Witnesses receive. Some 
drugs, such as antilymphocyte globulin, may have restric- 
tions against their use because of religious prohibitions. Oth- 
ers, like azathioprine, cyclophosphamide, and methotrexate, 
are known to have detrimental effects on hematopoiesis and 
are not recommended for maintenance immunosuppression. 
Although induction therapy in our patients has included low- 
dose azathioprine, its use was strictly avoided for mainte- 
nance therapy, especially since a regimen of cyclosporine and 
a steroid taper has yielded good results. For patients who 
experiente renal failure, an effective alternative to cyelospor- 
ine is the OKT3 murine monoclonal antibody,” which we used 
successfully in one of our Jehovah's Witness patients until his 
renal funetion was restored. 


CONCLUSION 


Cardiae transplantation can be a viable therapeutic alterna- 
tive for patients of the Jehovah’s Witness faith who have end- 
stage cardiomyopathy, despite their refusal to accept blood 
transfusiens. The five patients who underwent transplanta- 
tion at our institution all survived the operative period. More- 
over, they did not experience severe postoperative complica- 
tions, have not had signs of advanced graft atherosclerosis, 
and have not been particularly susceptible to rejection epi- 
sodes. Our experience shows that with careful patient selec- 
tion, meticulous operative technique, effective iron therapy, 
judicious diuretic management, and proper immunosuppres- 
sion, Jehovah's Witnesses can expect as beneficial an outcome 
as any other group of prospective cardiac transplant 
recipients. 

We thank Christine Lanzisera for her editorial assistance in the preparation 
of this manuscript. 
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Invited Commentary 


This report of successful cardiac transplantation in five patients 
whose religious convictions precluded their receiving blood products 
raises several interesting:and important questions. 

Does the use of scarce donor organs in the setting described repre- 
. sent effective resource atilization? Life-threatening hemorrhage due 
- toa technical problenvor to a coagulopathy associated with cardiopul- 
monary bypass, even imcarefully selected patients, cannot always be 
predicted. Were a death to occur that could have been prevented by 
the administration of bloed products, the net loss would be two lives, 
not one: the patient whe actually died and the potential recipient who 
did not receive the denor organ. It is well known that there are far 
more potential recipients for donor hearts than there are donor 
organs available. Therefore, the possibility that a preventable death 
might occur makes sueh utilization of a scarce resource a societal as 
well as an individual concern. 

The authors have, wisely in my opinion, limited their study to 
patients who had nct had prior cardiac surgery or other known 

. complicating factors. Biood drawing for laboratory tests was kept toa 
“minimum, iron supplementation was begun in the early postoperative 


. period, and diuretic therapy was used in all patients. A measurement 


of bleeding time might have proved useful in this group of patients, 
:: since this test, along with a measurement of the red blood cell volume 

(which-was done in this study), were strong predictors of the need for 
postoperative transfusion in one recent report (J Thorac Cardiovasc 
Surg. ¥989;98:492-497» Perhaps a lesson to be learned from the study 
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by Burnet: et al is that there is an opportunity to streamline the 
hospital course of virtually all cardiac surgery patients in an effort to 
simultanecusly avoid the administration of blood products and to be 
more cost-effective in the delivery of high-quality health care. 

Although the authors chose to avoid the use of azathioprine because 
of its bone marrow-suppressing properties, the antierythropoietic 
effects of this drug when given in the usual doses is minimal. Nonethe- 
less, the use of an immunosuppressive regimen consisting of cyclo- 
sporine and steroids has been effective in some renal transplant 
programs, even though experience with this type of regimen in 
cardiac transplantation is meager. The only published trial of which I 
am aware compared a regimen consisting of pretransfusion/azathio- 
prine/stersids with one of cyclosporine/steroids; no differences were 
found in the short-term survival in cardiac transplant recipients 
(Circulation. 1985;72[suppl I1]:227). 

This report documents that cardiac transplantation can be success- 
fully donein patients without the use of blood or blood products, but 
there is no recommendation that the procedure should be offered to 
this or any particular group of patients regardless of their practices. 
It is most important that so long as the donor organ remains the 
limiting resource, each potential recipient be evaluated with respect 
to the appropriateness of his or her candidacy so that the maximum 
benefit for the most people is achieved. 

WILLIAM A. GAY, JR, MD 
Salt Lake City, Utah 
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Ambulatory Cholecystectomy 


Without Disability 


Walter P. Ledet, Jr, MD 


© This is a presentation of 200 consecutive outpatient chole- 
_ -eystectomies performed during a 4-year period in a small com- 
_ — munity hospital. This technique is performed with minor modifi- 
ations of the usual cholecystectomy procedure so that it could 
easily be performed by general surgeons throughout the United 
States. The procedure has resulted in a large reduction in the 
short- and long-term morbidity associated with cholecystecto- 
my, and in. savings of up to one fourth the cost of a routine 
inpatient cholecystectomy. This procedure allows the general 
Surgeon to treat patients with cholecystectomies in the fashion 
to which the surgeon is accustomed and still markedly reduce 
the hospital stay. The morbidity from this procedure seems com- 
_ Parable with laser cholecystectomy. Ambulatory cholecystecto- 
~My as described here does not require any special training or 

- equipment. 

{Arch Surg. 1990;125:1434-1 435) 








B etween April 1986 and February 1990, 200 consecutive 
E cholecystectomies were performed on an outpatient ba- 
-Bis at the West Calcasiu Cameron Hospital, Sulphur, La. 
_. Patients were selected for this procedure on the basis of their 

_ desire for and acceptance of ambulatory surgery. No patient 

__ Was rejected solely because of age or weight. Patients were 
_ rejected for ambulatory cholecystectomy only on the basis of 

significant contraindicating medical problems. 
Patients in this study ranged in age from 16 to 82 years, and 
_ In weight ranged from 52.3 to 127.3 kg. No patient required 
_rehospitalization, and to date, there have been no wound 

_ infections, hernias, or any medical complications. 

The major importance of this report is to indicate feasibility 

_ of ambulatory cholecystectomy and to note that aggressive 

- postcholecystectomy care can markedly reduce patients’ 

- short- and long-term morbidity. 


AMBULATORY CHOLECYSTECTOMY 
WITHOUT DISABILITY 


_ Cholecystectomy is the most common major general surgi- 

cal procedure performed annually in the United States. It is 

_ currently estimated that approximately 500 000 cholecystec- 
Accepted for publication July 4, 1990. 
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tomies are performed each year in this country. Many articles 
have been published in which cholecystectomy discharge 
times were in the range of 1 to 3 days.'* No accounts, howev- 
er, have been published of attempts to perform this procedure 
as an outpatient procedure. 

Many ettempts have been made in the past to reduce the | 
incidence of cholecystectomy by medical management. Medi- 
cal dissolution of gallstones has not been uniformly successful, 
and more recently, attempts are being made in Europe and in 
this country to remove gallstones by ultrasound lithotripsy.** 
In an effort to reduce the morbidity associated with cholecys- 
tectomy, & program of ambulatory cholecystectomy in a com- 
munity hespital setting has been evolved. The short- and 
long-termmorbidity are greatly reduced by this procedure. 


METHODS 


The diagnosis of gallbladder disease was made in the standard 
fashion, with either ultrasound or cholecystography, or in some cases 
a clinical diagnosis was made. “° In the acute setting, ultrasonography 
was used most extensively. The patients were admitted to the 
outpatient :reatment facility on the morning of surgery, and 5% 
dextrose wizh lactated ringer solution was administered intravenous- 
ly in the peripheral vein. The preoperative treatment consisted of (1) 
5000 units af heparin sodium administered subcutaneously, (2) 2 g of 
ceftriaxone intravenously, (8) 0.3 mg of glycopyrrolate (Robinul) 
intravenous:y, (4) 5 mg oxycodone and 500 mg acetaminophen (Tylox, 
2 tablets) ky mouth, and (5) 30 mg of prochlorperazine maleate 
(Compazinespansule) by mouth. 

The incisian used was a right-upper-quadrant transverse abdomi- 
nal skin crease incision, made in a skin crease in the upper abdomen 
and often just 1 em above the umbilicus. The incision varied in length 
between 5 aad 10 em, depending on the age of the patient, the body. 
habitus, and the necessity for a general abdominal exploration. Cho- 
lecystectomz was performed by the standard operative technique, 
with the follewing modifications. The incision made was a transverse 
abdominal ircision made in the skin fold of the upper abdomen, which 
in female patients was often only 1 cm above the umbilicus. The 
incision was made for a distance of 5 to7 em depending on the patient’s 
body size. Ia patients in whom an abdominal exploration was re- 
quired, the iacision was enlarged enough for the operator to insert a 
hand in the zbdomen and completely explore it. A small blade (Bal- 
four, Baxter Healthcare Corp, McGaw Park, Ill) and an upper abdom- 
inal hook (Ineredible Hook) attached to an ether screen were used for 
upper abdominal retraction. Retractors (standard Dever or Harring- 
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ton) were used as indicated. The cystic artery was initially identified 
and transeeted betweem Lemoclips and the cystic duct was treated 
similarly if no cholangicgram was needed. The gallbladder was then 
removed from the liver bed by a combined antigrade and retrograde 
dissection. In some instanzes in which the gallbladder was distended 

vand tense, bile was aspirated until the texture of the gallbladder was 
‘soft enough for removal without danger of rupture. 

Common duct exploration may be performed without changing the 
incision, and in these eases, the common duct was closed primarily. 
These cases, hewever, were not added to this series and will not be 
discussed in this article. 

Abdominal wound closure was carried out in layers without drain- 
age. Prior to wound cicsure, the upper abdomen was irrigated with 
kanamycin sulfate and saline solution.’ Each abdominal wound layer 
was then closed with running sutures of blue monofilament polybu- 
tester (Novafil) and each layer was injected with a solution of 0.25% 
bupivacaine hydrochleride (Marcaine) with epinephrine bitartrate. 
The rectus abdominus muscle was injected with a solution of 30 mg of 
long-acting dexamethasone sodium phosphate (Decadron) diluted in 
20 mL of normal saline and 10 mL of 0.25% bupivacaine and epineph- 
rine. Skin closure was:campleted with a running 5-0 nylon suture and 
an air-strip dressing was applied along with an elastic rib belt. The 
first.30 patients did mot receive dexamethasone injections as de- 
seribed. It is my distinct impression that the patients have done 
considerably better sinee the use of intramuscular dexamethasone. 

Inthe recovery room, the patient started receiving acetaminophen 
and prochlorperazine orally. Treatment with Tylox was continued as 
two tablets every 2 hcurs during the patients hospital stay, which 
ranged between 3 and 1) hours. This was continued at home for 2 to 4 
days, ir gradual decreasing amounts according to the patient's toler- 
ance. The prochlorperazine maleate was prescribed as one 15-mg 
spansule every 6 hours.for the first 48 hours. Emphasis was placed on 
the prevention. of pain and nausea, early exercise, and the return to 
normal activity. 

After discharge, the patients were followed up by telephone two 
times a day for the first.5 or 6 days. The patients came to the office for 
suture removal in 7 days. 


RESULTS 


All patients admitted to this study were discharged be- 
‘tween 3 and 10 hours after completion of the surgical proce- 
dure. Approximately 20% of the patients complained of nau- 
sea following discharge, and about 5% of these experienced 
some vomiting after they were discharged. There have been 
no cases of wound infection, hernia, thrombophlebitis, or 
pulmonary embolization. 

Patients were given two pages of discharge instructions 
indicating the care and follow-up required as documented 
herein. It has been most rewarding to see patients resume 
their normal activity with some limitation the day following 
surgery, several cf whom returned to executive jobs. Pa- 
tients with sedentary jobs were able to return to regular work 
within 4 to 5days. Patients who require heavy work were able 
to return by 21 days and sometimes sooner if allowed a light 
-duty status by their employers. 

Patients were encouraged to begin moderate physical ac- 
tivity immediately after surgery. They were asked to exer- 
cise to tclerance, but to stop as soon as they became tired, and 
rest as much as they required. Most patients could drive 
themselves to the effice for suture removal at 7 days. 


FINANCIAL DATA 


Our community hospital developed an all-inclusive charge 
for ambulatery chelecystectomies at US $1500. This included 
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not only the operating room, anesthesia, and recovery room 
charges, but also preoperative costs, costs of laboratory 
work, and roentgenograms. The average retrospected charge . 
for an inpatient uncomplicated cholecystectomy was approxi- 
mately US $3500. This modest charge made it possible for 
patients without insurance coverage to afford cholecystecto- 
my ina private hospital setting. Some insurance carriers now 
provide 100% coverage for outpatient surgery. Some of our 
patients benefited from this also. 


COMMENT 


Over the past 3.5 years, 150 consecutive cholecystectomies 
were performed on an outpatient basis. Aggressive postoper- 
ative management made it possible for the patients to return 
to their routine activity within 7 to 10 days. This has beena ` 
very exciting but unexpected by-product of doing ambulatory: 
cholecystectomy. 

This procedure is seen to be effective not only in young 
patients but also in elderly and obese patients. It is applicable 
to most general surgical settings throughout the United 
States and could result in remarkable financial savings to the 
health care system in the United States. Patients are most 
willing to accept this type of procedure after it has been shown 
to be successful and accompanied by decreased morbidity and 
moderate financial benefits. 
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Invited Commentary 


New techniques and technology should afford substantial medical” 


or financial advantages over the old techniques and technology to 


justify their clinical application. I suspect that the obsolescence of the 
time-proven standard cholecystectomy is not imminent. This tech- 
nique of outpatient cholecystectomy as performed by Dr Ledet ap- 
pears to offer distinct advantages. Because it is a technically demand- 
ing alternative to standard cholecystectomy, surgeons should defer- 
its use until its value is confirmed by appropriately controlled clinical 
studies. Even if the technique is proven valuable, some of us will be 
left behind. Thoracic surgeons, who failed to retrain to master the 
technical vagaries of open heart surgery, were replaced by those who 
did retrain and by surgeons trained in centers proficient in these 
techniques. Unfortunately, there are currently no centers to train 
surgeons in this technique of outpatient cholecystectomy. 

Surgeons attempting this technique (and also laparoscopic chole- 
cystectomy) should do so with the goal of benefiting their patients. 
Their results should be critically monitored by their hospitals and 
colleagues, and should compare favorably with those that they obtain 
with the time-proven standard cholecystectomy. 


Ronan P, Fiscuer, MD, PhD 
Houston, Tex 
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Postoperative Complications in Patients 
With Disabling Psychiatric Illnesses 


-or Intellectual Handicaps 


; _ A Case-Controlled, Retrospective Analysis 


Bruce S. Cutler, MD, Mitchell P. Fink, MD 





© The purpose of this study was to quantitate the operative risk 
and costs encountered in the surgical treatment of institutional- 
ized patients. Operative complications and duration of hospital- 
ization for 200 institutionalized patients were compared with 
those in a control group of patients matched for age, sex, and 


— type of operation drawn from the general hospital population. 


Postoperative complications occurred in 53 (26.5%) of the pa- 
tients in the study group compared with 15 (7.5%) of the patients 
in the control group. Elective laparotomy was followed by a 
‘complication in 48% of institutionalized patients compared with 
11.6% of matched controls. Emergency celiotomy carried a 75% 
complication rate in the study group. Atelectasis and pneumonia 
| accounted for 50% of the postoperative complications and oc- 
curred with greatest frequency following intra-abdominal proce- 
dures. The median hospital stay for all institutlonalized patients 


-was 3 days more than for matched controls. A strategy for post- 


Operative treatment is presented, with particular emphasis on 
prevention of pulmonary complications. 
(Arch Surg. 1990;125:1436-1440) 


ce l J ntil relatively recently, a limited number of medical 
centers provided the bulk of nonpsychiatric medical care 


_._ for institutionalized patients with profoundly impaired cogni- 
_. tive function or chronic psychoses. Referral patterns were 


_ prompted by geographical considerations, contractual agree- 
_ ments, or legislative fiat. During the last decade, however, 
there has been a national trend to reduce the population of 

__ State hospitals. Patients have been discharged under the care 
-- of their families or have been transferred to so-called halfway 
houses. Many others have added to the urban homeless popu- 
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lation. Thus, the medical and surgical care of patients with 
chronic psychiatric disorders and intellectual deficiencies has 
become a widespread responsibility. Indeed, many hospitals 
and health care providers now routinely provide medical care 
for patients with major mental illnesses or handicaps despite 
having only limited experience in managing medical and sur- 
gical probiems in this population. 

The purpose of the present study was to quantitate the 
operative risk and to evaluate the special requirements en- 
countered in the surgical treatment of institutionalized pa- 
tients. A cohort of 200 such patients cared for in a university 
hospital was compared with a similar group of patients 
matched for age, sex, and type of operation. Based on this 
experience, we formulated a strategy for the surgical treat- 
ment of intellectually impaired and psychotic patients. Imple- 
mentation of this strategy may help to reduce the morbidity, 
mortality, and expense of surgical treatment for such patients 
within the general medical community. In any event, the 
results presented here will provide practitioners with mean- 
ingful guidelines for assessing operative risk when consider- 
ing surgical therapy for patients with these problems, 


PATIENTS AND METHODS 


We reviewed the medical records of 207 patients who were trans- 
ferred from four nearby state institutions and who underwent opera- 
tions at the University of Massachusetts Medical Center, Worcester, 
from 1977 to.1988. In addition to usual demographic data, we collected 
information regarding psychiatric diagnosis, presence of severe sei- 
zure disorder, and degree of intellectual impairment. Mental retarda- 
tion was scored as none, mild, moderate, severe, or not specified. For 
the purposes of this study, it was assumed that the psychiatric 
diagnosis was correct, even though, in many instances, patients had 
been institutionalized for decades with a diagnosis such as chronic 
schizophrenia, 

We recorded the name of the most significant surgical operation 
and its International Classification of Diseases code ((CD-9-CM),' 
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Table 1.—Influence of Type of Operation on Morbidity and Mortality 


No. (%) of Patients 





Endoscopy 
and Minor 
Abdominal intra- Gynecologic and 
Wall abdominal 


(n=31) (n=43) (n= 43) 


Feeding Major 
Jejunostomy 


Minor 
Orthopedic Orthopedic 


or and and Major 


Genitourinary Gastrostomy Neurosurgical Neurosurgical Cutaneous Superticial 
(n=7) 


(n=15) (n=10) (n=45) (n=6) 





Cormplications, 
ingtitutionalized 
patients (n= 53) 

Complications, matchec 
controls (n= 15) 


4 (12.9) 24 (55.8)* 2 (4.6) 





1 (3.2) 5 (11.6) 3 (6.9) 


6 (85.7)* 


6 (40) 7 (15.8) 4 (66.7)* 





2 (13.3) 4 (8.9) o 








Deaths, 
institutionalized 
patients (n = 8) 5 (11.6) 


*P<_0% vs matched cortrals (Fischer's Exact Test). 


The need for special trectment, such as medications, attendants, or 
restraints, was noted. A control group of patients without known 
psychiatric diagnoses or intellectual deficiencies was selected from 
the general hospital population. The control population was devel- 
oped by matching the J€D-9 code for the primary operation to the 
same or very similar procedure. Satisfactory matches were possible 
for 200 patients. The patients in the control group all underwent 
surgery during the same decade as the patients in the study group and 
were matched for age (+5 years) and sex. Except for these con- 
straints, the patients in the control group were selected at random. 

Fourteen institutionalized patients ranging in age from 6 to 30 
years had placement ef a feeding gastrostomy or jejunostomy tube 
UCD-9 46.39), Because of the infrequency of this procedure in the 
usual hospital population, a match was possible for only seven of these 
patients; the remaining seven patients were excluded from the study. 
Morbidity and mortality of the seven patients who were included 
were similar to those ef the seven who were excluded. All postopera- 
tive coraplications and causes of death were noted for both groups of 
patients, 

A complication was defined as an unexpected outcome of an opera- 
tive precedure or a postoperative event that delayed hospital dis- 
charge'by at least 1 day: Thus, a minor wound problem that did not 
prolong hospital stay was not considered a complication. Complica- 
tions were divided into nine categories: pulmonary, wound, cardiac, 
urinary tract, deep venous thrombosis and pulmonary embolus, 
small-bowel obstructien, vomiting or ileus, seizures, and gastrointes- 
tinal bleeding. Only the most significant postoperative adverse event 
was recorded for each patient, although many patients had more than 
one complication. Operations were divided into eight categories: 
intra-abdominal, abdeminal wall, endoscopy and minor gynecologic 
and genitourinary, feeding jejunostomy or gastrostomy, major or- 
thopedic and neurosurgical, minor orthopedic and neurosurgical, 
cutanewus, and major superficial procedures. Operative procedures 
were further categorized as being emergency or elective. Emergency 
operations were definec. as procedures that good clinical judgment 
required be performed within 24 hours of admission. The dates of 
admission, operation, and discharge were recorded to allow between- 
group “omparisons of duration of preoperative, postoperative, and 
total hospitalization. 

Data were stored in a computer (Apple MacIntosh H, Apple Com- 
puter Inc, Cupertino, Calif) using a commercially available database 
program (File Maker H, Copyright Claris Corp, Mountain View, 
Calif), Statistical analyses were performed on a computer (Vectra 
ES/12, Hewlett-Packard Corp, Andover, Mass) using commercially 
available software (CSS, Statseft, Tulsa, Okla). Some data are pre- 
sented:as means; other results that were not normally distributed are 
presented as medians and ranges. For continuous variables (eg, 
duratien of hospitalization), comparisons between the study popula- 
tion ard the matched controls were performed using the Mann- 
Whitney U test. Comparisons of incidence data were performed using 
the x’ test. The null hypothesis was rejected for P<.05. 


RESULTS 


There were 200 institutionalized patients matched by age, 
sex, atid CD-9 code to a similar number of patients from the 
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1 (6.7) 1 (14.3) 1 (16.7) 


general hospital population. Since patients were matched by 
age (+5 years), there was a slight difference in the mean age 
between the institutionalized group (52.6 years) and the con- 
trol group (52.7 years). In both groups, 61.5% of patients 
were male. 

The overall morbidity and mortality were substantially 
greater among institutionalized patients. Postoperative com- 
plications occurred in 53 (26.5%) patients in the study group 
compared with 15 (7.5%) patients in the control group 
(P<.0001). There were eight postoperative deaths (4.0%) in 
the institutionalized group and no deaths in the control group 
(P = .0048). 

The magnitude of the operation and whether it was an 
emergency procedure were important factors affecting the 
frequency of postoperative complications for institutionalized 
patients (Table 1). Intra-abdominal, feeding gastrostomy, 
and major superficial operations were associated with a sig- 
nificantly greater incidence of postoperative complications 
compared with the control group (Table 1). Laparotomy, the 
most frequently performed major operation, was followed by 
acomplication in 55.8% of institutionalized patients compared 
with only 11.6% of matched controls (P<.0001). Not surpris- 
ingly, emergency celiotomy was associated with an even 
greater risk of postoperative complications (Table 2). Of 12 
emergency intra-abdominal procedures performed on institu- 
tionalized patients, nine (75%) resulted in a postoperative 
complication. Five of eight postoperative deaths in the insti- 
tutionalized group followed emergency laparotomy. In 
marked contrast, there was no morbidity following eight 
emergency laparotomies in the control group. 

A high complication rate was noted for institutionalized 
patients who had placement of a feeding jejunostomy or gas- 
trostomy tube (85.7%). Whereas institutionalized patients 
undergoing these procedures were typically chronically mal- 
nourished with marked skeletal deformities and along history 
of vomiting and aspiration, the control patients were usually 
previously healthy victims of head or spinal cord trauma. 

All patients in the study group had one or more of the 
following broad diagnoses as the primary reason for their 
institutionalization: mental retardation, chronic psychosis, or 
chronic seizure disorder; 102 patients had two of these diag- 
noses and eight had all three (Table 3). Of these three diag- 
noses, severe mental retardation had the strongest associa- 
tion with postoperative complications. Patients with only 
mild mental retardation had a postoperative complication 
rate of 26.4%, similar to the study group as a whole. In 
contrast, the rate of complications in patients with severe 
mental retardation was 50.1%. The rate of complications in 
patients with epilepsy or psychosis alone did not differ from 
the entire study group. 
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Table 2.— Influence of Emergency Operation on Morbidity and Mortality of Institutionalized Patients 


Endoscopy 
and Minor 
Gynecologic and 
Genitourinary 


Feeding 
Jejunostomy 
or 


Major Minor 
Orthopedic Orthopedic 

and and Major 
Gastrostomy Neurosurgical Neurosurgical Cutaneous Superficial 


Abdominal 
Wall 


intra- 
abdominal 


Group (n=31) (n= 43) (n= 43) 


(n=7) (n=15) (n=10) (n=45) (n=6) 





Elective operation 
complications, 
institutionalized 


patients (n= 43) 4/31 15/31 





Emergency operation 
complications, 
institutionalized 
patients (n= 10) 





Elective operation 
complications, 
matched controls 
(n= 15) 





Emergency operation 
complications, 
matched controls 
(n=0) 


Table 3.—Institutional Diagnosis, Morbidity, and Mortality 


No. (%) of Patients 





Study 
Group 
Deaths 


Study 
Group 
Complications 
(n=53) (n=8) 
14 (26.4) 3 (37.5) 

0 0 


Study 
Group 
(N= 200) 


47 (23.5) 
7 (3.5) 


Diagnosis 
». (No mental retardation 
Mild mental retardation 


Severe mental 
tetardation 





85 (42.5) 27 (50.1) 3 (37.5) 


i Degree of mental 
{o retardation 
not specified 61 (30.5) 12 (22.6) 2 (50) 


[Epilepsy 74 (37.0) 24 (45.3) 4 (50) 


Psychosis 
Mental retardation and 
| epilepsy 
| Mental retardation and 
psychosis 
Epilepsy and 
psychosis 
Mental retardation, 
psychosis, and 
epilepsy 


63 (31.5) 20 (37.8) 4 (50) 


65 (32.5) 23 (43.4) 4 (50) 





24 (12.0) 7 (13.2) 1 (12.5) 





13 (6.5) 2 (3.8) 0 





8 (4.0) 2 (3.8) 





Regional (ie, spinal, epidural, or nerve block) anesthesia is 
believed to be associated with fewer postoperative cardiac 
and respiratory complications than general anesthesia. It is 
noteworthy, therefore, that general anesthesia was used for a 
-greater proportion of patients in the institutionalized group 
_ (83%) than in the control group (64.5%) (P<.001) (Table 4). 
_ Within the institutionalized group, 95% of the postoperative 

_. complications and 100% of the mortality occurred in patients 

_ who received general anesthesia. In the control group, only 

< 67% of the complications occurred after general anesthesia 

. was administered (P<.0001). 

-Atelectasis and pneumonia accounted for 50% of the post- 
operative complications among institutionalized patients and 
occurred more frequently than in matched controls (P<.0001) 
(Table 5). Other types of complications occurred with an equal 
or greater frequency among institutionalized patients, but 
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the between-group differences were not significant (Table 5). 

There were eight deaths following surgery, all of which 
occurred m the institutionalized group. Four patients were in 
a preterrainal state when they entered the hospital: two 
underwert exploratory laparotomy and colon resection for 
perforated cecal carcinoma; another had a tracheostomy and 
gastrostomy for severe chronic obstructive pulmonary dis- 
ease and died a few days later; and the’ fourth developed 
peritonitis and septic shock when tube feedings were instilled 
into the peritoneal cavity from a displaced gastrostomy tube. 
The remaining four patients underwent the following opera- 
tive procedures: radical neck dissection for tonsillar carcino- 
ma, open reduction and internal fixation of a fractured hip, 
cholecystectomy, and lysis of adhesions for a small-bowel 
obstruction. Each of the last four operations was followed by 
aspiration pneumonia, progressive respiratory insufficiency, 
and eventually death. 

Institut_onalized patients used more hospital resources 
both before and after surgery than did counterparts from the 
general hospital population (Table 6). The median total preop- 
erative hospital stay for institutionalized patients was 3 days 
longer than for the matched controls. When analyzed accord- 
ing to the type of operation, the duration of hospitalization 
was found žo be most prolonged for the subset of institutional- 
ized patients undergoing intra-abdominal procedures. Medi- 
an preoperative, postoperative, and total hospital stays for 
noninstitucionalized patients undergoing celiotomy were as 
follows: 1 day (range, 0 to 16 days), 7 days (range, 3 to 16 
days), and 9 days (range, 4 to 30 days), respectively. The 
corresponding values for the study group were as follows: 2 
days (rang2, 0 to 81 days), 10 days (range, 1 to 58 days), and 12 
days (range, 1 to 8 days), respectively. The probability for 
between-group comparisons of preoperative, postoperative, 
and total hospital stays after laparotomy were P= .0113, 
P=,0002, and P<.0001, respectively. 


COMMENT 


Relative.y few publications have addressed the special 
problems and risks posed by surgical treatment of institution- 
alized patients. Indeed, data are scarce regarding the inci- 
dence of postoperative complications in patients, whether 
institutionalized or not, with severe cognitive handicaps or 
chronic psychoses. Previous studies have focused on the diffi- 
culty of making an early diagnosis of unusual disorders, such 
as pica, vo vulus of the sigmoid colon, and rectal prolapse.” 
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Table 4.—Anesthesia and Morbidity and Mortality lo 




























General 


*Comparisons betweer: study and control groups. NS indicates not significant. 


+P<.0001 for comparison of complications between study and control groups receiving general anesthesia. 
+P = .0114 for comparison of deaths between study and control groups receiving genera! anesthesia. 






Urinary 


No. of Patients 







DVT/ 
PE Vomiting SBO 












Group Pulmonary Wound Cardiac Tract 
institutionalized 
patients 26t 9 2 
Matched control 
patients 


*DVT indicates deep.vencus thrombosis; PE, pulmonary embolism; SBO, smail-bowel obstruction; and Gi, gastrointestinal. 


tP<.0001. 


Table:S.— Comparison of Hospital Use 


Median (Range) No. of Days 
NN 


Matched 
Controls 
(N=200) 


1 (0-39) <.0001 
3.5 (0-89) 0214 
4 (0-90) 0016 


Study Group 
{N =200) 


4 (0-81) 
5 (0-100) 


Preoperative 
Postoperative 
Totai 7 (0-415) 


To our knowledge, the present study is the first to compare 
the incidence and types of complications in institutionalized 
patients with those in a matched control group of patients 
drawn from the general hospital population. Consequently, 
the incremental risk of surgery for institutionalized patients, 


oe although suspected to be greater than that for their noninsti- 


~~ tutionalized counterparts, was heretofore unquantified. 

=- Inthis study the rate of postoperative complications in the 
institutionalized group as a whole was 26.5%, or 3.5 times 
greater than that for the control group. The postoperative 
mortality rate in institutionalized patients was 4%; none of the 
control patients died efter surgery. 

Other authors also have observed a high surgical morbidity 
and mortality for institutionalized patients. In an early re- 
view, Frederick et al' noted a postoperative complication rate 
of 19% and a mortality rate of 2.8% following a wide variety of 
operative procedures on 211 mentally retarded patients. 
More recently, Meyn et al’ reported a major complication rate 
of 16% and a miner complication rate of 46% following hip 

. Surgery on 104 institutionalized patients. Their 6-week post- 
operative mortality rate was 5.7%. By way of comparison, ina 
subset of 15 patients from the present series who underwent 


os major orthopedic operations, the complication rate was 40% 


and the mortality rate was 6.7% (Table 1). 
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The most striking postoperative morbidity and mortality 
followed intra-abdominal operations, The complication rate > 
following elective laparotomy was 48%, but rose to 75% for 
emergency procedures. The mortality rate following emer- 
gency celiotomy was 16.7% (Table 2). In a Canadian study, 
Voitk’ noted a mortality rate of 14% among 25 institutional- 
ized patients following operations for an acute abdomen. 
Voitk attributed the excessive morbidity to delays in diagno- 
sis due to several factors, including patients’ impaired ability 
to communicate; alterations in the response to pain; and the 
failure of clinicians to suspect an unusual diagnosis, such as 
intestinal perforation resulting from the ingestion of foreign 
bodies (pica). 

Although delay in diagnosis may contribute to increased 
morbidity in this population, other factors must also be impor- 
tant since the complication rate following elective laparotomy 
in the present study was 48%. Pulmonary insufficiency, in one 
form or another, accounted for 50% of the complications fol- 
lowing laparotomy (Table 5). In addition to the reduced func- 
tional residual capacity due to incisional pain, institutional- ` 
ized patients were particularly susceptible to pulmonary: 
insufficiency because of their limited ability to cooperate with 
respiratory therapy or to learn to use incentive spirometry 
effectively. In addition, the high incidence of gastroesophage- 
al reflux among the institutionalized population may have 
contributed to aspiration in the postoperative period.” 

One of the goals of the present study was to measure the 
incremental cost of surgical treatment for institutionalized 
patients, Hospital bills were not available for all patients for - 
the duration of the study, and therefore could not be used as 4 
basis for cost comparison. Although many factors determine 
cost, the only reliable data available for all patients in each 
group was the duration of hospitalization. Certainly, the num- 
ber of hospital days bears a relationship to the total cost, as is 
emphasized by the present diagnosis related group system of 
reimbursement. The median duration of hospitalization for 
institutionalized patients was 3 days longer than for the 
matched control group (Table 6). However, when hospital 
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stays were analyzed by the type of operation, we found that 
intra-abdominal procedures accounted for the greatest pro- 
longation of hospital stay. For this subset of patients, the 
median postoperative stay was 3 days longer (P = .0002); the 
median total hospitalization also was 3 days longer (P<.0001). 

Furthermore, the increased use of hospital resources was 
not simply a reflection of the increased frequency of complica- 
tions in this group since the institutionalized patients under- 
going uncomplicated laparotomy also had hospital stays aver- 
aging 4.7 days longer (data not shown). We speculate that one 
of the important factors prolonging hospitalization was a 
delay in the discharge of institutionalized patients because of 
the physicians’ perception that such patients need to be more 
fully recovered before returning to an institutional environ- 
ment. Since many state institutions have an infirmary in 
which patients from an acute care facility can complete their 
convalescence following an operation, improved communica- 
tion between the surgeon and the institution probably could 
have effectively shortened the hospital stay in many 
instances. 

Most plastic, gynecologic, genitourinary, orthopedic, and 
abdominal-wall procedures can be performed on institutional- 
ized patients with a complication rate similar to that in the 


i>: general population, particularly if the procedure can be per- 


formed under local or regional anesthesia (Table 1). However, 


major operations, especially emergency laparotomy, carry a 


© substantial risk of pulmonary complications and a dramatical- 
ly increased use of health care resources. As a result of our 
". experience, we have developed a strategy designed to reduce 


_ the incidence of pulmonary morbidity for institutionalized 


patients. 

We have found that the same techniques used to allay 
_ anxiety for pediatric surgical patients are also applicable to 
- ‘the institutionalized population. We recommend that patients 
be admitted 24 to 36 hours before surgery to allow familiariza- 
tion with the new environment and to permit patients and 
staff to become acquainted. If patients will be going to an 
intensive care unit after surgery, it is helpful if they can visit 
the unit before the operation to meet the nurses who will care 

= for them. 

There appears to be a widespread perception that all insti- 
tutionalized patients will be disruptive and difficult to treat 
and therefore should be isolated and sedated. In fact, this 
“approach often increases their anxiety in response to the 
change in environment. The majority of patients have been in 
a stable social situation in their own facility and will be less 
disturbed if they are placed in semiprivate accomodations 


with an understanding roommate. Many of the tranquilizers 


in current institutional use have durations of action of several 
days or even weeks; the addition of short-acting sedatives is 
usually not necessary and may contribute to pulmonary mor- 
_ bidity. Kind words and patience often are more effective than 
:: more medication. When the patients intellectual capacity 
‘permits, simplified respiratory training with incentive spi- 
rometry teaching should be performed. 

It is important that the anesthesiologist perform a careful 


preoperative assessment of each patient so that he or she can 
gain the patients confidence, select the most appropriate 
form of aresthesia, and judge the timing and dosage of seda- 
tion. In tnis study, general anesthesia was used more fre- 
quently than regional methods and may have contributed to 
atelectasis, retained secretions, and pulmonary complica- 
tions. We suspected that the primary reason for selecting 
general anesthesia over regional anesthesia for institutional- 
ized patie ats was the perception by the anesthesiologist that 
the patieut would have limited ability to cooperate, or, in 
some cases, it was simply more convenient “to put the patient 
to sleep.” 

We believe that epidural anesthesia has the same advan- 
tages for tne institutionalized patient as it does for the general 
population.’ Epidural catheters can be left in place after 
surgery for analgesia, a tactic that may decrease the incidence 
of postoperative respiratory complications. Many institution- 
alized pat-ents are surprisingly cooperative and tolerant of 
the minor discomforts associated with procedures performed 
under reg:onal anesthesia. 

The postoperative treatment of institutionalized patients 
poses a major challenge to the surgeon. If the patient can 
cooperate. the usual methods of preventing atelectasis and 
expelling secretions, such as instruction in the use of incentive 
spirometry and forced deep breathing and coughing, will be 
effective means of prophylaxis. If the patient cannot cooper- 
ate, he or che will benefit from measures that require minimal 
patient coeperation, such as periodic nasotracheal suctioning 
to stimulate cough. The poorly cooperative patient may be apt 
to remove tubes or drains prematurely, contributing to his or 
her own morbidity. 

We recommend that uncooperative patients be adequately 
sedated and ventilated with positive pressure until their 
lungs are zlear and peristalsis has returned. At that time, 
patients should be rapidly weaned from the respirator, under- 
go removal of endotracheal and nasogastric tubes, and re- 
sume oral intake under close surveillance to prevent aspira- 
tion. These approaches require additional use of the intensive 
care unit kut are effective in preventing atelectasis and aspi- 
ration, whch are the two most important precursors of respi- 
ratory complications in this group of patients. 

Nearly all authors on the subject of surgical treatment of 
institutionalized patients have emphasized the importance of 
early diagr-osis of the acute abdomen as a means of decreasing 
morbidity. Although the value of early diagnosis cannot be 
disputed, t is probably not a realistic hope in light of the 
communication problems and chronically medicated state of 
many such patients. Therefore, reductions in operative mor- 
bidity and zost are most likely to occur as a result of increased 
understanding and anticipation of the special problems in- 
volved in =he surgical care of institutionalized and similar 
patients. 


We expressour thanks to Roseann Lavin, RN, NP, and Francisco Melendez, 
MD, for their valuable assistance in collecting the data. 
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Needle-Localized Mammographic Lesions 


Results and Evelving Treatment Strategy 


- H. Richard Alexander, MD; Frank C. Candela, MD; D. David Dershaw, MD; David W. Kinne, MD 


e From January 1981 to December 1987, 932 needie-localiza- 
tion breast biopsies were performed at our institution for mam- 
` mographically detectec abnormalities. We reviewed 531 needle- 
«localization breast biopsy procedures performed during two 

periods (January 1981 to June 1984, n=311; and January to 
August 1987, n = 220) to compare results and treatment patterns, 
and to determine the prevalence of the missed lesions. Mammo- 
"graphic abnormalities detected on routine screening accounted 


me tor a larger proportion of needie-localization breast biopsies in 


the later series (94 [30%] of 311 vs 94 [43%] of 220). However, the 
rate at which carcinome was identified remained constant at 29% 
as did the percentage of cancers that were invasive (46% vs 51%). 
Overall, the rate of malignant diagnoses after needie-localization 
breast biopsy was lowest in asymptomatic women undergoing 
routine screening mammography (44 [24%] of 188) and signifi- 
-gantly higher in women undergoing mammographic follow-up of 

the contralateral breast after treatment for breast cancer 
(28 [43%] of 65). There were seven missed lesions in 531 needle- 
localization breast biopsies, necessitating a second procedure 
in six and interval mammograms in one. 

(Arch Surg. 1990;725:1441-1444) 


ricr to the intreduction of preoperative localization tech- 
niques for nonpelpable mammographic abnormalities, 

= specimen roentgenography for calcifications was used in our 
institution to confirm that a biopsy had been performed on a 
-suspicious lesion.” Using a variety of techniques, breast 
“biopsy with preoperative localization has become well estab- 
lished as a procedure that is effective in the early diagnosis of 
-clinically occult breast neoplasms.*“ Between 10% and 37% of 
needle-localization breast biopsies (NLBBs) result in a malig- 
nant diagnosis” and 40% to 60% of these are invasive. ”” 
While approximately 50% of women with clinically detected 
invasive cancers have axillary lymph node metastases, most 
series report only 10% to 30% involvement with clinically 
occult mammographically detected breast cancers.‘ 
Large epidemiologie studies have demonstrated the useful- 
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ness of screening mammography in the detection of clinically. 
occult breast cancers and improving survival.” 

Currently, the American Cancer Society recommends rou: 
tine mammograms at regular intervals for all women over the - 
age of 40 years. With the increase in screening mammo- 
graphies performed using dedicated machines that pose mini- 
mal radiation risk (0.003 G per study), the frequency of NLBB 
has also increased significantly.” At our institution, NLBBs — 
have increased more than 10-fold in the past 8 years. This 
translates into a significant expenditure of energy and coordi- 
nation of time between surgeon, radiologist, and pathologist. 
Because of this increase, we compared 531 consecutive 
NLBBs performed during two periods to determine results, 
treatment patterns, and outcomes. 


PATIENTS AND METHODS 


From January 1981 to December 1987, 932 NLBBs for mammo- 
graphically detected abnormalities were performed at Memorial. 
Sloan-Kettering Cancer Center (New York, NY). A review of 5381 
consecutive operations performed from January 1981 to June 1984 
(n=311) and January to August.1986 (n= 220) was undertaken to 
compare results and treatment patterns, and determine the preva- 
lence of missed lesions. All mammograms were interpreted and 
localizations were performed by two radiologists at our institution. 


Recommendation for biopsy was made on. the basis of suspicious © i 


reoentgenographic findings as previously described” and include a 
mass with ill-defined borders or a stellate appearance; spiculated 
microcalcifications; or a combination of the two, All localizations were 
done using a mixture of 40% diatrizoate meglumine (Renografin) and 
60% methylene blue dye injected adjacent. to the suspicious area. 
Injections were given with a 20-gauge spinal needle and localization 
within 2 em of the suspicious abnormality was accomplished in every 
case except one in which a hooked wire was inserted after the localiza- 
tion dye was discovered to be distant from the mammographic abnor- 
mality. A schematic illustration of the dye and its relationship to the = 
abnormality and the localizing mammograms were sent with the < 

patient to the operating room. All procedures were performed on an 


- inpatient basis, almost always under a general anesthetic, by one of 


five surgeons from the Breast Surgery Service. At the discretion of 
the surgeon the specimen was sent for frozen section analysis and/or 
roentgenogram. Statistical analysis was performed by Fishers Ex- 
act Test and considered significant at P<.05. 


RESULTS 


The frequency at which NLBBs were performed increased 
dramatically from 38 in 1981 to 569 in 1988 (Fig 1). Overall, 158 
(29%) of 531 biopsies were carcinomas, of which 73 (48%) were 
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Fig 1.—Increasing frequency of needle-localization breast biopsies 
(NLBBs) performed at Memorial Sloan-Kettering Cancer Center, New 
York, NY, between 1981 and 1988. 
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-< Fig 2.—Relative frequency of needie-localization breast biopsies 
(NLBBs) performed on abnormalities detected by mammogram ob- 





ae tained for clinical indications (closed bars), routine screening (dotted 


< bars), or as follow-up in asymptomatic women previously treated for 

contralateral breast cancer (open bars). Proportion of NLBBs per- 

_. formed on abnormalities identified after routine screening has in- 
-Creased significantly (P<.05). 





Table 1.—Malignant Diagnosis and Percent Invasive Cancer 
After Needle-Localization Breast Biopsy 
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. - Period Patients No. (%) No. (%) 
1/81 to 6/84 311 90 (28,9) 41 (45.5) 
1/87 to 8/87 220 63 (28.6) 32 (50.8) 
Total 531 153 (28.8) 73 (47.6) 















oe ee Table 2.— Relationship Between Clinical History and Pathologic Features of Mammographically Detected Cancers 
E Size of Invasive Cancers, cm* 





invasive “Table 1), Mammography was performed for clinical 
indications in 58% (pain, nipple discharge, mass, or family 
history; n=278); routine screening in 35% (n= 188); or a 
history cf contralateral breast cancer in 12% (n=65). The 
proportien of NLBBs performed for abnormalities detected 
on routine sereening was greater in the later series, 43% vs 
30% in the early series (P<.01, Fig 2). In spite of this, the rate 
at which carcinoma was identified remained constant at 29% 
as did the proportion of cancers that were invasive, 51% vs 
46% (Table 1). 

The raze of malignant diagnoses after NLBB was signifi- 
cantly higher in women undergoing mammography after pre- 
vious treatment for contralateral breast cancer and was low- 
est in petients with abnormalities detected after routine 
screening, 48% vs 24% (P<.05, Table 2), More than 60% 
(17/28) of mammographically detected cancers were invasive 
in womer. with a history of previously treated contralateral 
breast carcinoma compared with 48% (73/153) overall. How- 
ever, the size of the invasive tumors was not different be- 
tween the groups. Overall, 50 (68%) of 73 invasive cancers 
were less than 1 cm and 68 (93%) were less than 2 cem. The 
incidence of lymph node metastases was low, occurring in 10 
(14%) (Tsble 3). Treatment of invasive cancer was different 
between zhe two periods. Breast preservation therapy was 
more frequent in the later series, 10% vs 44% (P<.001, Fig 3). 

There were seven missed lesions in six patients (1.38%) 
necessitating a second procedure in five cases, interval mam- 
mograms and physical examination in one, and a modified 
radical mastectomy in another who had malignant axillary 
adenopathy suspected of being a primary breast cancer (Ta- 
ble 4). Of the six missed lesions in which a tissue diagnosis was 
ultimately made, three were carcinomas. In five of the seven 
missed lesions, the surgeon found intraoperatively that the 
desired specimen was not excised when specimen roentgeno- ` 
grams failed to reveal the suspicious abnormality. 


COMMENT 


Despite the dramatic increase in the number of NLBBs 
being performed at our institution, the rate at which a malig- 
nant diagrosis is obtained has remained remarkably constant 
and competible with other reports. Furthermore, this rate is 
similar to our initial experience, reported 15 years ago, with 
biopsy for suspicious microcalcifications and confirmed by 
Specimen ~oentgenography.’ The proportion of abnormalities 
detected oa screening mammography has increased markedly 
and represents the primary factor in the increased number of 
NLBBs. Another report from our institution has deseribed 
the risk ef malignancy associated with various mammo- 
graphic patterns.” The recommendation for biopsy based on 
these roenzgenographic criteria has resulted in astable rate of 
malignant diagnoses. 

In women previously treated for breast cancer who had 
suspicious abnormalities detected on follow-up mammogra- 
phy, the rate of malignant diagnoses was significantly in- 













































*Size of tumor was measured on pathological examination: 


TPE indicates abnormal physical examination and FH, positive family history. 


$P<.01 vs screening. 
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Indications for No. of Cancer, Invasive, 
Mammogram Patients No. (%) No. (%) <1 1.1-2 >2 
` Screening 188 44 (24) 18 (41) 13 (72) 3 (17) 2 (11) 
“Symptoms, PE or FHt 278 81 (29) 38 (47) 25 (66) 10 (26) 3 (8) 
Previous breast carcinoma 65 28 (43) 17 (61) 12 (71) 5 (29) 0 
Total 531 153 (29) 73 (48) 50 (68) 18 (25) 5 (7) 
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creased. This poirt emphasizes the importance of routine 
mammography in this high-risk group. One factor that may be 
responsible for thisinding is that a patient previously treated 
for breast cancer kes usually had at least a baseline or even 
multiple mammograms previously, against which indetermi- 
nate appearing lesions can be compared and observed over 
“time. On the other hand, there may be reluctance on the part 
of the surgeon to fallow up a mammographic abnormality in a 
woman with a histery of breast cancer. In this group, the size 
of invasive tumors was comparable with the overall group. No 
invasive cancers ia women with a history of contralateral 
breast cancer were greater than 2 cm. 

In our experience the dye injection technique has proven to 
be very effective. Gomplications related to injection of the dye 
were minimal. Syncope, which has been described with the 
hooked-wire technique, was also experienced by a few of our 
patients. While same have expressed concern that the dye 
may diffuse into tissues prior to the time of biopsy,” we have 
not found this to oceur. In fact, most dye injections are 
performed in the morring and several hours may have elapsed 
-prior to the actual-operation. In spite of this, the methylene 

blue remains localized in the area of injection. In large breasts 
with deep lesions, the dye has been difficult to find on rare 
occasions and in this situation the hooked-wire may have some 
advantage. 

Seven attempts {in six patients) to find the lesion, despite 
apparently adequate preoperative localization, were unsuc- 
cessful. This untoward event has been reported by others 
with approximately the same incidence.” During our earlier 
experience, a specimen roentgenogram was obtained at the 
discretion of the operating surgeon. Currently, if a biopsy is 
being performed for microcalcifications, an intraoperative 
specimen roentgenogram is obtained. Occasionally, if the 
surgeon is confident chat the area has been excised, only a 
frozen section analysis is performed. Six of our missed lesions 
were realized at the time of the original operation as specimen 

‘z roentgenogram failed to reveal the suspicious area. Repeated 
mammogram and biopsy were performed in five cases. One 
patient refused anather operation and opted for close interval 
evaluation. Another patient was known to have malignant 
adenopathy and underwent modified radical mastectomy af- 
ter NLBB failed to identify the carcinoma. Three of the seven 
missed lesions were carcinomas, emphasizing the importance 
of confirming the biopsy with a specimen roentgenogram. If 
specimen roentgenography, clinical judgment, or a frozen 
section diagnosis ef carcinoma shows that the desired tissue 
has been excised, then no further localization is considered 
necessary. An interval mammogram in 4 to 6 weeks is appro- 
priate in those rare situations when there may be doubt that 

-the suspicious area has been excised. Inflammatory changes 

_ and patient discomfort make mammograms done sooner than 










































Table 4.—Outcomes of Seven Missed Lesions in 531 Needle-Localization Breast Biopsies* 
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Fig 3.—The use of breast preservation (limited resection, axillary ==. 
dissection, and radiation therapy) for mammographically detected 
invasive cancers has increased significantly (early series, four of 41; 
late series, 14 of 32; P<.001). Dotted bars represent modified radical 
mastectomies, and closed bars, breast preserving surgeries. 





Table 3.— Tumor Size and Pathologic Stage of Occult 
Invasive Cancers, Early Late Series 






1987, 


1981-1984, ep 
No. (%) | 


No. (%) 















35 (85.4) 28 (87.5) 














it 6 (14.6) 3 (9.4) 
H 0 1 (3.1) 
Total 41 32 















Tumor size, cm 











<0.5 10 (24) 5 (16) 
0.5-1.0 18 (44) 17 (53) 
1.1-2.0 10 (24) 8 (25) 





>2 





3 (8) 


*Data from American Joint Commission on Cancer Staging and End Results 


Reporting. Manual for Staging of Cancer 1983. 
































































+Patient underwent modified radical mastectomy. 
+A second attempt was made. 
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Patient Indication Specimen Interval Second Specimen Pathologic 

No. for Biopsy Roentgenogram Mammogram Roentgenogram Findings 
Ca No CA 3d Ca FOD 

2 Suspicious mass Not done 2 wk Nonet IFDC 

3 Suspicious mass Not done 4mc None None 

4 Ca No Ca 4mo Ca FOC 

5 Ca No Ca 2d Ca DCIS 

St Ca No Ca 5mo None Normal 
Ca ` No Ca FCD 


; *Ca indicates calcifications; FCD, fibrocystic disease; IFDC, infiltrating ductal carcinoma; and DCIS, ductal carcinoma in situ. 
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4 to 6 weeks difficult to interpret or perform. If the surgeon is 
Certain that the suspicious area has not been excised, then 
__. repeated mammogram and localization is recommended as 
_ soon as clinically feasible. We have performed repeated local- 
ization and biopsy from 2 days to 2 weeks later. 
`> The treatment of clinically occult invasive breast cancers 
¿appears to be appropriate with either modified radical mas- 


- i ‘tectomy or breast preservation therapy. The trend toward 
»-More breast preservation therapy in the later series is a 


reflection of the current trend toward breast conservation 
therapy to all suitable candidates. In spite of consultation 


_. With a radiation therapist and a forthright discussion of the 


merits of each treatment, many patients with clinically oceult 








invasive cancers still opt for mastectomy. 
In conelusion, many more needle localization procedures 
are being performed at our institution primarily because of 
the abnormalities detected on routine screening mammo- 
grams. In spite of this, our rate of malignant diagnoses has 
remained stable. The dye injection technique has been very 
effective with no serious side effects, Intraoperative speci- 
men roen‘genography is the best way to confirm that a biopsy 
has been performed on the suspicious area and avoid the 
potentially serious consequences of a missed lesion. Patients 
previously treated for contralateral breast carcinoma have a 
significantly higher rate of malignant diagnoses than those 
undergoing NLBB after screening mammography. 
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Cardiac Valve Prostheses at Autopsy 
Linda B. Zeien, MD, Edward C. Klatt, MD 


We describe the pathologic findings at autopsy in 96 persons who had undergone prosthetic heart valve 
implantation. The most common indication for implantation was rheumatic heart disease (58%), followed by 
infective endocarditis (22%). Cardiac failure led to death in two thirds of the cases, most often from infective 


endocarditis (18%) and congestive heart failure (13%). Failure of the prosthetic valve caused death in eight 
cases. There were 13 deaths intraoperatively or in the immediate postoperative period. Patients with 
mechanical prostheses survived longer than did those with bioprestheses. The most common prosthesis- 
related complication was thrombosis, found in 23% of mechanical valves and 11% of bioprostheses. Thrombosis 
led to death in only 4 cases. Thromboembolic phenomena led tc nine deaths and were not related to 


anticoagulant therapy. These findings provide an a 
prosthetic heart valves at autopsy (Arch Pathol Lab 


pproach to investigation, description, and diagnosis of 
Med. 1990;114:£33-937). 


Reprint requests to the Department of Pathology and Laboratory Medicine, Room 2520, General Hospital, Los Angeles 
County-University of Southern California Medical Center, 1200 N State St, Les Angeles, CA 90033 (Dr Klatt). 
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Aerobic and Anaerobic Bacteriology 


of Wounds and Cutaneous Abscesses 


Itzhak Brook, MD, MSc, Edith H. Frazier, MSc 


@ The aerobic and anaerobic microbiologic characteristics of 
584 wounds and 676 skin or soft-tissue abscesses were studied 
and correlated with the infection site. In wounds, aerobic or 
facultative bacteria only were present in 223 specimens (38%), 
anaerobes only in 177 specimens (30%), and mixed flora in 184 
specimens (32%). In total there were 1470 isolates, 558 aerobic 
and 912 anaerobic, an average of 2.5 isolates per wound (1.6 
anaerobic and 0.9 sercbic isolates). In abscesses, aerobic or 
facultative bacteria were recovered in 177 specimens (26%), an- 
aerobes only in 243 specimens (36%), and mixed flora in 256 
specimens (33%). In total there were 1702 isolates, 602 aerobic 
and 1100 anaerobic, an average of 2.5 isolates per abscess. The 
highest rates of anaerobes in wounds were in the inguinal, but- 
tocks, and trunk areas and in abscesses in the perirectal, external 
genitalia, neck, and inguinal areas. The predominant aerobic 
organisms were Staphylococcus aureus (363 isolates), group A 
streptococci (98 isolates), and Escherichia coll (97 isolates). The 
predominant anaerobic organisms were Bacteroides species 
(986 Isolates), Peptestreptococcus species (559 isolates), Clos- 
tridium species (153 isolates), and Fusobacterium species (109 
isolates). The predominance of certain isolates in certain ana- 
tomica! sites was correlated with their distribution in the normal 
flora adjacent to the infected site. These data highlight the poly- 
microbial nature of wounds and cutaneous abscesses. 

(Arch Surg. 1990;125:1445-1451) 


af kin and soft-tissue infections are common in hospitalized 

) patients. Knowledge of the common bacterial causes of 
these infections enables the selection of empiric antimicrobial 
therapy before the results of bacterial cultures are available. 

The importance of aerobic and facultative bacteria, such as 
Staphylococcus awreus, in skin and soft-tissue infections is 
well established. However, only a few studies demonstrated 
the role of anaerobic bacteria in these infections.'* Two of 
these reports evaluated the aerobic and anaerobic microbio- 
logic characteristics of cutaneous abscesses in adults,” and 
one in children.’ Orly one report evaluated these organisms’ 
role in wounds.’ However, in three of these studies,’** the 
species of most of the anaerobic organisms were not reported, 
and the role of aerobic and facultative strains other than S$ 
aureus and Streptecoccus species was not evaluated. 

This retrospective report described the experience over 14 
years of a military hospital in the diagnosis of the aerobic and 
anaerobic bacteria! etiology of wounds and skin and soft- 
tissue abscesses. 


MATERIALS AND METHODS 


Between June 1972 and June 1987, 584 specimens of wounds and 
676 specimens of skin and soft-tissue abscesses that were submitted 
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for the isoiation of aerobic and anaerobic bacteria showed bacterial 
growth. Excluded from analysis were 29 specimens of wounds, be- 
cause these wounds were treated with local antimicrobial therapy 
prior to sample collection. Specimens were processed by the clinical 
microbiology laboratories at the Naval Hospital in Bethesda, Md. 
Data regarding the administration of antimicrobial therapy prior to 
sample collection was available in 392 (67%) of 584 wounds and 431 
(64%) of 676 abscesses. Systemic antimicrobial agents were used for 
85 wounds (22%) and 92 abscesses (21%). These agents included B- 
lactamase-resistant penicillin (54 patients), erythromycin ethylsuc- 
cinate (31 patients), ampicillin sodium (28 patients), a cephalosporin 


(28 patients), penicillin G (18 patients), an aminoglycoside (15 pa- i 


tients), and clindamycin phosphate (four patients). 

Of the 1260 patients from whom these specimens were obtained, 
919 were males. Patients ranged in age between 2 weeks and 76 years 
(mean age, 39 years, 4 months). 

Specimens were obtained from wounds or abscesses by direct 
needle aspiration of purulent contents into a syringe that was immedi- 
ately sealed and transported to the laboratory within 30 minutes or by 
a swab that was dipped in the pus and introduced into anaerobic 
transport media (Port-A-Cul, BBL Microbiological Systems, 
Cockeysville, Md) and generally inoculated within 2 hours after 
collection. 

For specimen collection through surgical drainage, the involved 
site was first scrubbed with providone-iodine. After local anesthesia 
with 1% lidocaine injection or ethyl chloride spray, pus was collected 
for culture by percutaneous aspiration of the abscess cavity or by 
swabbing.aspiration from the open cavity through a surgical incision. 

Sheep blood (5%), chocolate, and MacConkey agar plates were 
inoculated for the isolation of aerobic organisms. The plates were 
incubated at 37°C aerobically (MaeConkey agar) and under 5% carbon 
dioxide (blood and chocolate agar) and examined at 24 and 48 hours. 
For the isolation of anaerobes, specimens were plated onto prere- 
duced vitamin K,-enriched Brucella blood agar, anaerobic blood agar 
plates containing kanamycin and vancomycin, and anaerobic blood 
plates containing colistin and nalidixic acid, and then inoculated into 
enriched thioglycolate broth. The plated media were incubated in 
GasPak jars (BBL Microbiology Systems) and examined at 48, 96, 
and 120 hours. The thioglycolate broth was incubated for 14 days. 
Anaerobes were identified by techniques previously described.”* 
Aerobie bacteria were identified using conventional methods.’ The 
data were organized according to anatomic location: head, neck, 
trunk, extremities, inguinal, perirectal, buttocks, and external 
genitalia. 


RESULTS 


Of the 584 wounds, 36 (10 postsurgical wounds) were in the 
head, 15 (five postsurgical wounds) in the neck, 222 (105 
postsurgical wounds) in the trunk, 15 (one postsurgical 
wound) in the arm, 60 in the hand, 181 (29 postsurgical 
wounds) in the leg, 18 (eight postsurgical wounds) inguinal, 22 
(five postsurgical wounds) in the buttocks, seven perirectal, 
and 13 (three postsurgical wounds) in the external genitalia. 

In wounds, aerobic or facultative bacteria were present in 
223 specimens (38%), anaerobes in only 177 specimens (30%), 
and mixed aerobic-anaerobic flora in 184 specimens (82%). In 
total there were 1470 isolates, 558 aerobic or facultative and 
912 anaerobic bacteria, an average of 2.5 isolates per wound 
(1.6 anaerobes and 0.9 aerobes or facultative bacteria) (Tables 
land 2} 
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Table 1.— Aerobic and Facultative Organisms isolated From 584 Wounds 
No. cf isolates 
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Deep intra-abdominal or truncal infection was also present 
in 46 patients. Organisms similar to those isolated from 
-= wounds or cutaneous abscesses were also recovered from 

deep infections in 31 (67%) of these patients. 
<o In abscesses, aerobic or facultative organisms were recov- 
ered from 177 specimens (26%), anaerobic bacteria from only 
_ 248 specimens (36%), and mixed aerobic-anaerobic flora from 
_ 256 specimens (38%). In total there were 1702 isolates, 602 

aerobic or facultative and 1100 anaerobic bacteria, an average 
of 2.5 isolates per abscess (1.6 anaerobes and 0.9 aerobes or 
_ facultative bacteria; range, one to seven isolates per speci- 

_™en) (Tables 8 and 4). 

_ The number ofisolates per infected site varied between one 

-and seven. The average number of isolates per infected site is 
_ reported in Table 5. The rate of recovery of anaerobic bacteria 
-was almost always higher than the rate of recovery of aerobie 
or facultative organisms. The highest rate of recovery of 
_ anaerobes in wounds was in the inguinal, buttocks, and trunk 
areas, and in abscesses in the perirectal, external genitalia, 
neck, and inguinal areas. One hundred thirty-four wounds 
(23%) and 160 abscesses (24%) yielded only one organism, 
Staphlyococcus aureus was the most common organism, 
» found in 218 cases (74%). Twenty-nine wounds and 41 abscess- 
es yielded a pure culture of a single anaerobe, including 44 

«isolates of Bacteroides species (13 Bacteroides fragilis, six 
- Bacteroides melaninogenicus, six Bacteroides intermedius, 
| five Bacteroides thetaiotaomicron, four Bacteroides dista- 
< sonis, four Bacteroides vulgatus, and two each of Bacteroides 

‘disiens, Bacteroides oralis, and Bacteroides asaccharolyti- 
cus) 12 isolates of Clostridium species, seven isolates of 

Fusobacterium species, five isolates of Peptostreptocoecus 

species, and two isolates of Propionibacterium acnes. 

In the 184 wounds and 256 abscesses where polymicrobial 
 aerobic-anaerobic infection was observed, several bacterial 
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Organism Head Neck Trunk Arm Hand Leg inguinal Buttocks _—Perirectal Coes Total 
No. of specimens 30 16 222 15 60 181 18 22 7 13 584 
Streptococcus 
a-Hemolytic 3 2 34 9 9 bag 2 1 1 62 
y-Hemolytic 1 4 2 8 6 ae 1 T 1 27 
Group A 3 9 16 15 abe 1 ney 1 52 
Group B A 1 2 ze yo aes 3 
Group D 1 ih TE 16 1 3 21 
Staphylococcus aureus 10 46 8 26 46 5 3 2 2 155 
S epidermidis sen 1 11 3 17 2 3 a 1 38 
Proteus species or pea 8 1 8 1 1 1 20 
Pseudomonas aeruginosa 13 2 3 16 1 2 37 
Other Pseudomonas species 2 ree 2 1 3 1 kare oy 9 
Escherichia coli 28 1 18 2 4 1 2 56 
Klebsiella pneumoniae 1 TE 2 3 1 3 10 
Enterobacter species siete oe 2 1 8 
Other enterobacteriaceae* 2 1 12 Ste 21 1 2 1 40 
Haemophilus influenzae 2 1 sis 3 
H parainfluenzae whe 1 ase gl 1 
Eikenella corrodens 6 Si an 6 
Neisseria species 1 5 1 7 
Candida species Mae Boise “as Tar 3 EN ner ies 3 
Total 31 17 171 15 85 184 15 26 6 8 558 


: *Other enterobacteriaceae include Klebsiella species other than K pneumoniae, 
| species, and Aeromonas species. 






Citrobacter species, Providencia species, Morganella species, Acinetobacter 


combinations were noted: the B fragilis group was recovered 
with E'scherischia coli 36 times, with S aureus 18 times, and 
with group D streptococcus 15 times. The B melaninogenicus 
group was isolated with group A streptococcus in 30 instances 
and with S aureus in 11 instances. Anaerobic cocci were 
recovered with E coli in 34 cases, with group A streptococcus 
in 15 cases, and with S aureus in nine cases. so 

Tables 1 to 4 record the major types of isolated bacteria. 
The predominant aerobic organisms were S aureus (208 iso- 
lates in abscesses and 155 in wounds), group A streptococci 
(46 isolates in abscesses and 52 in wounds), and E coli (41 
isolates in abscesses and 56 in wounds). The predominant 
anaerobic organisms were Bacteroides species (586 isolates in 
abscesses and 400 in wounds), gram-positive cocci (296 iso- 
lates in abscesses and 280 in wounds), Clostridium species (46 
isolates in abscesses and 107 in wounds) and Fusobacterium 
species (84 isolates in abscesses and 25 in wounds). 

The distribution of aerobic and facultative organisms 
showed the following trends: S awreus was recovered from 
abscesses in all body sites but predominated (highest number 
of isolates per sample) in infections of the leg (0.6 isolates per 
specimen), neck (0.5 isolates per specimen), and hand (0.5 
isolates per specimen). Staphylococcus aureus was recovered 
least often from abscesses and wounds of the perirectal and 
external genitalia areas. Group D streptococci, E coli, and 
Neisseria gonorrhoeae were mostly isolated from abscesses 
in the external genitalia and perirectal areas, and Haemophi- 
lus influenzae was mostly isolated from abscesses of the head 
and neck. Proteus and Pseudomonas species were mostly 
removed from abscesses in the trunk, head, and perirectal 
areas. In wounds, the highest recovery rates for all gram- 
negative organisms were in the trunk and buttocks areas. 

The following trends were noted regarding distribution of 
anaerobic crganisms: Anaerobic gram-positive cocci were iso- 
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Table 2.— Anaerobic Organisms Isolated From 584 Wounds IS 
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Peptostreptococcus magnus 3 2 
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Clostridium septicum 


C perfringens 
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4 

eee ere 1 

Other Fusobacterium species seis 2 
84 
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*These species all belorg to the B fragilis group. 


lated from wounds and abscesses in all sites, and their rate of 
recovery was between 0.3 to 0.6 isolates per specimen. How- 
ever, the highest rates of isolates per abscess were in the neck 
(0.7 isolates per Specimen) and perirectal (0.6 isolates per 
specimen) areas. In wounds, the highest rates of recovery 
"= Were in the neck (0:6 isolates per specimen), inguinal (0.6 
-isolates per specimen), and external genitalia (0.6 isolates per 

a specimen) areas. Clostridium species were mostly recovered 
-< in abscesses of the trunk, perirectal, buttocks, and external 
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genitalia areas and in wounds of the trunk, leg, and hand 


areas. Fusobacterium species were mostly isolated from ab- ` 


scesses of the head, neck, and perirectal areas, and the- 
B fragilis group was mostly isolated from abscesses of the 
perirectal (0.6 isolates per specimen), trunk (0.6 isolates per’ 
specimen), and external genitalia (0.5 isolates per specimen) __ 
areas. In wounds,the B fragilis group was mainly isolated in 
the trunk (0.5 isolates per specimen), inguinal (0.5 isolates per 

specimen), and leg (0.3 isolates per specimen) areas. 
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: Table 3. — Aerobic and Facultative Organisms Recovered From 676 Cutaneous Abscesses 





No. offsolates 










Organism Head Neck Breast 
No, of specimens 158 43 - 40 123 13 


Streptococcus 
a-Hemolytic 1 5 8 18 2 








Trunk Arm Hand Leg 


External 
Inguinal Buttocks Perirectal Genitalia Total 


21 12 32 35 136 63 676 
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Eikenella corrodens 
Lactobacillus species 
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species, and Aeromonas species. 


The B melaninogenicus group was mostly isolated in ab- 

scesses of the arm (0.6 isolates per specimen), head (0.4 

. isolates per specimen), perirectal (0.4 isolates per specimen), 
and neck (0.3 isolates per specimen) areas. In wounds, the 

B melaninogenicus group predominated in the hand (0.2 
isolates per specimen) and head (0.2 isolates per specimen) 
areas. Bacteroides bivius was mostly recovered in abscesses 
of the perirectal area and in wounds of the external genitalia, 

<= leg, and trunk areas. 
- Bacteremia caused by organisms identical to those found in 
wounds occurred in 78 instances (18% of all wounds), and 
bacteremia caused by organisms identical to those recovered 
dn abseesses occurred in 76 cases (11% of all abscesses) (Table 

6). The highest numbers of isolates were the B fragilis group 
(60 isolates, including 45 B fragilis, seven B thetaiotamicron, 

six B distastonis, and two B vulgatus), Clostridum. species 

© 1 isolates), S aureus (21 isolates), and enterobacteriaceae 

(5 isolates). 

-< Analysis showed no significant reduction in the isolation 
‘ate of organisms in patients who received antimicrobial ther- 
apy prior to sample collection. Evaluation of the microbiologi- 

‘eal data according to the patients’ ages showed no significant 
-correlation between the age and the bacterial isolates, except 

for the higher recovery rate of H influenzae and group B 

Streptococcus in children younger than 2 years and the infre- 

quent recovery of the B fragilis group in this age group. 


COMMENT 


This study demonstrates the importance of anaerobic bac- 
teria in cutaneous abscesses and wounds. Although S aureus 
was the predominant isolate, especially in infections in the 
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© ‘4Other enterobacteriaceae include Klebsiella species other than K pneumoniae, Citrobacter species, Providencia species, Morganella species, Acinetobacter 














extremities and the trunk, anaerobes were frequently isolat- 
ed, and the number of anaerobic bacteria exceeded the num- 
ber of aercbic and facultative bacteria in cutaneous abscesses 
and wounds in the perirectal, external genitalia, buttocks, 
inguinal, neck, and trunk areas. The recovery rate of anaer- 
obes in these sites as reported in this study is similar to the 
isolation rates of anaerobes in other studies that have investi- 
gated the microbiologic characteristics of subcutaneous ab- 
scesses in adults’ and children.’ Anaerobes were isolated in 
these studies in numbers similar to or greater than aerobes in 
abscesses >roximal to the oral, rectal, and vulvovaginal ar- 
eas. These findings are not surprising, since anaerobes pre- 
dominate ia the normal mucous membrane flora in these sites, 
reaching cencentrations of 1 x 10" in the rectum and 1 x 10° in 
the oral cavity, outnumbering aerobes 1000 to 1 in the rectum 
and between 10 and 100 to 1 in the oral cavity.** These normal 
flora isolates are sometimes associated with local cutaneous 
abscesses end wounds in these areas. 

In contrast to previous reports, the present study demon- 
strates a higher frequency of isolation of the B fragilis group 
in particular and anaerobes in general in trunk and leg wounds 
and abscesses. This may be due to the inclusion in our report 
of only spesimens submitted for the recovery of both aerobic 
and anaerobic bacteria. Furthermore, about half of the trunk 
wounds and cutaneous abscesses followed abdominal surgical 
procedures that probably involved seeding with organisms of 
gastrointestinal origin. 

The location of the cutaneous abscesses and wounds is of 
paramount. importance in determining the organisms in- 
volved in the infection. Aspirates from infection in and around 
the oral, rectal, and vulvovaginal regions tend to yield mixed 
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Table 4.— Anaerobic Organisms Recovered by 676 Cutaneous Abscesses T 
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Organism Head Neck Breast Trunk Arm Hand Leg inguinal Buttocks Perirectal Saale Total 

No.of specimens 158 43 40 123 13 21 12 32 35 136 63 676 
Peptostreptococcus magnus 15 6 5 13 3 mare ise 2 4 10 2 60 
P micros 5 2 Stas 1 ied 1 1 1 oe 4S 1 _ 2 
P asaccharolyticus: 3 2 4 5 sens 1 1 1 1 13 9 40 
P morbilorum 1 1 ate ae nie 2 
P prevotii 5 4 1 3 1 oe 1 5 3 23 
P saccharolyticus 1 1 3 4 4 14 
P anaerobius 6 4 3 § 1 2 13 8 42 
Other Feptostreptococcus species 23 7 6 9 1 4 5 5 25 6 91 
Microaerophilic streptococci i nes 1 sat oe ners eke 3 3 ya vaa 7 
Streptococcus intermedius 5 2 wise 2 we ae ona wake ee ee 10 
*Veillonella parvula | ee 2 ails 1 A N A 4 2 17 
‘Valcalescens on av TT ee tt nee Paes oe ides 1 wes 1 
` Other Veillonella species 2 oss ts De A thon Sih hi s Ba ooo 4 
Bifidobacterium species 2 bin ie 2 
Eubacterium lentum 1 1 1 5 9 4 21 
Other Eubacterium species 1 2 1 2 1 7 
Proprionibacterium acres 5 5 3 1 1 1 1 : 3 23 
Other Proprionibacterium species Sf ck 2 e a eee 2 a ash aes 7 
Lactobacillus species sie te ae sts 23 Se O eek 2 a S 3 








Clostridium perfringens 


Other. Clostridium species 
Fusobacterium variura 
F nucleatum ee Ses 
F mortiferum Be ene 1 Sas witty ee cats oe a 1 5 






























































































F necrophorum 1 1 T 3 
Other Fusobacterium species 12 1 1 13 37 
Bacteroides fragilis* 3 
B distasonis* 1 sess 1 
1 1 3 
B vulgatus* 1 1 2 
B thetaiotaomicron* ee sa Mei 6 4 2 11 4 
B uniformis* arate ax ioe he 1 1 2 
B melaninogenicus 34 6 2 2 4 1 2 1 17 4 
B intermedius 21 1 3 2 1 11 5 
B asaccharolyticus 19 6 1 1 1 tg 1 Sia 20 4 
B ureolyticus 7 f 7 4 3 1 10 4 27 8 
B oralis f 7 3 2 ges Sere 1 a 4 1 1 
B bivius ay oer ah 2 1 eae 1 3 1 9 3 
Bdisiens 1 1 
Boris-buccae 3 1 T ae rae 1 2 = 8 
Other Bacteroides species 15 5 6 5 3 2 4 5 19 7 71 
Total 58 


*These species all belong ta the B fragilis group. 


aerobic and anaerobic flera similar to those that are part of the The data presented illustrate the relative frequencies of 
normal microbial flora at the adjacent mucous membrane. isolation of Bacteroides, Peptostreptococcus, Clostridium, 
Conversely, specimens obtained from areas remote from and Fusobacterium species in various infections. About 91% 
those sites primarily eomtained constituents of the microflora of the anaerobic bacteria recovered from the infections exam- 
indigenous to the skin. ined were members of these genera. The polymicrobial na- 

_ Mixed aerobic and anaerobic infections are also more prev- ture of the infections also was highlighted in the data; the 
alent in the breast area, fingers, and nail beds.’ This finding average number of isolates per specimen was 2.5. Although - 
_ may be due to the direct introduction of mouth flora (which the pathogenic role of all bacterial isolates has not been estab- 

-. are predominantly anaerobic) by sucking or biting. lished, the synergistic characteristics in polymicrobial infee- -< 
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Table 5.— Bacteriological Characterization 


























‘Wounds 
External 
Head Neck Trunk = Arm Hand Leg Inguinal Buttocks Perirectal Genital Total 
No.of specimens 30 16 222 15 60 181 18 22 7 13 584 
Type of bacterial growth, 
No. of specimens 
Aerobic only 9 3 76 10 19 98 2 5 eos 1 223 
Anaerobic only 12 8 55 2 13 59 9 9 4 6 177 
Aerobic and anaerobic 9 5 91 3 28 24 7 3 6 184 
No. of bacterial isolates 
per specimen 
Aerobic 1.0 4.1 0.8 1.0 1.4 1.0 0.8 1.2 0.9 0.6 0.9 
Anaerobic 1.3 15 1.7 15 5 1.4 1.7 17 1.4 5. 1.6 
Total 2.3 2.6 2.5 2.5 29 2.4 2.5 2.9 2.3 2.1 2.5 


*Values do not add to total because of rounding error. 


tions have been well established.'"’ Several hypotheses have 
been proposed to explain such microbial synergy. It may be 
due to mutual protection from phagocytosis and intracellular 
killing,” production of essential growth factors,” and/or low- 
ering of oxidation reduction potentials in host tissues." The 


. -Virulence of Bacteroides, Clostridium, Peptostreptococcus, 


and Fusobacterium species is well documented in animal 
studies” and for clinical infections." 

In past studies Bacteroides species were the most frequent- 
ly recovered anaerobes"; in this report they accounted for 


7 . 49% of all anaerobic isolates. The relative distribution of the 


‘different Bacteroides species has important implications for 
_ the management of infections because of the differing antimi- 
-crobial susceptibilities of various Bacteroides species. Al- 
though most members of the B fragilis group produce 
B-lactamase and resist penicillin, their susceptibility to ceph- 
‘alosporins varies” but is predictable.” The members of the B 
fragilis group are the most prevalent Bacteroides species 
isolated, and B fragilis is the most prevalent organism in the 


~ group, accouting for 69% of isolates in abscesses and in 
wounds and 75% of isolates in blood. However, the other 


_ members of the B fragilis group are more resistant than B 
_ fragilis to the newer cephalosporins.” 

The growing resistance of Bacteroides species previously 
Susceptible to penicillins has been noticed in the last decade." 
_» These are members of the B melaninogenicus group, B ora- 
lis, B disiens, B bivius, B oris, and B buccae. The main 
- mechanism of resistance is through the production of the 
_.. enzyme B-lactamase. When choices are made between antimi- 
_ erobial agents for the therapy of infections involving Bacter- 
- < oides species, complete identification and testing for antimi- 
_  erobial susceptibility and £-lactamase production are 

important. 
“+... The recovery rate of Bacteroides species in infected sites is 
-similar to their distribution in normal flora.**"* While mem- 
bers of the B fragilis group were more often isolated from 
_. sites proximal to the gastrointestinal tract, strains of pig- 
mented Bacteroides species were more prevalent in infections 


-proximal to the oral cavity, and B disiens and B bivius were 
more often isolated from vulvovaginal area. Knowledge of 


_ this distribution allows a logical choice of antimicrobial agents 
adequate for the therapy of infections in these sites. 

As in previous studies,’ anaerobic cocci were the second 
most frequently recovered anaerobes (29% of anaerobic iso- 
lates). The predominance of Peptostreptococcus magnus was 
previously established.” Anaerobic cocci have been shown to 
possess virulence in animals infected with them alone,” but 
more so in synergy with other aerobic and anaerobic bacte- 
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Table 6.—Organisms Isolated From Blood of 676 Patients’ 
Abscesses and 584 Patients’ Wounds 

















































































No. of Isolates No. of Isolates 
in Blood/ in Blood/ 
Total No. of Total No. of 
Isolates in Isolates in 
Organism Abscesses (%) Wounds (%) 
Aerobic 
Staohylococcus aureus 11/208 (5) 10/155 (6) 
Group A Streptococcus 346 (7) 2/52 (4) 
Pseudomonas species 7/43 (16) 6/46 (13) 
Escherichia coli 2/41 (5) 4/56 (7) 
Other enteroacteriaceae 5/58 (9) 4/58 (7) 
Subtotal 28*/396 (7) 26t/367 (7) 
Anaerobic 
Peptostreptococcus species 5/296 (2) 8/263 (3) 
Clestridium species 2/44 (5) 19/109 (17) 
obacterium species 3/84 (4) 1/25 (4) 
Bacteroides bivius 1/20 (5) 124 (4) 
B fragilis group 38/216 (18) 22/204 (11) 
B melaninogenicus group 4/183 (2) 1⁄87 (1) 
Other Bacteroides species 7/148 (5) 5/194 (3) 
Subtotal 604/991 (6) 57§/906 (6) 
Total 88/1387 (6) 83#/1273 (6) 






*There were 26 patients. 
There were 25 patients. 
There were 53 patients. 
§There were 56 patients. 
\There were 76 patients. 
#There were 78 patients. 


ria.” While clostridia (8% of all anaerobes) were mostly found 
in abscesses and wounds around the rectal or vulvovaginal 
area, fusobacteria (5% of all anaerobes) were isolated from 
wounds and abscesses in and around the oral area. This 
corresponds to the presence as part of the normal host flora in 
these sites.** 

Staphylococcus aureus, the most prevalent aerobe, was 
usually found alone. This organism has a well-recognized 
propensity for abscess formation, both in local and in visceral 
infections. In contrast to anaerobes, its potential for abscess 
formation is not as dependent on synergistic bacterial 
mixtures. * 

The recovery rate of aerobic and facultative organisms was 
also ccrrelated with the site of infection. Oral flora, such as H 
influenzae, predominated in head and neck infections, genital 
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: 84 Wounds and 676 Cutaneous Abscesses 
























































Abscesses 
SREE 
External 
Head Neck Breast Trunk Arm Hand Leg Inguinal Buttocks Perirectal Genital Total 
158 43 40 123 13 21 12 32 35 136 63 676 
45 20 7 53 3 13 8 7 8 8 4 177 
51 14 18 4i 4 4 3 15 15 55 23 243 
62 9 15 29 6 4 10 12 72 36 256 
0.8 1.0 0.7 41 4.1 1.3 1.4 0.7 0.7 0.9 0.9 0.9 
14 17 14 1.3 17 0.7 0.9 1.8 1.4 2.2 4.9 1.6 
2.2 2.6 2.1 2.4 2.8 2.0 2.0 2.5 2.1 3.1 2.8 25 


pathogens such as N gonorrhoeae were mostly recovered in 
external genitalia and perirectal infections, while enterobac- 
teriaceae predominatec. in rectal, external genital, leg, and 
trunk infections. Skin flora, such as S aureus and Streptococ- 
cus, showed uniform distribution throughout the different 
body sites, although they predominated in the extremities. 

This study illustrates the importance of obtaining speci- 
_ mens adequate for the recovery of aerobic as well as anaerobic 
bacteria from wounds and cutaneous abscesses. The observed 
isolation trends in different body sites and the initial reading 
of Gram stain results could guide the clinician in selecting an 
empiric antimicrobial therapy. However, the final choice of 
antimicrobial agents should be based on isolation of specific 
organisms, aerobes as well as anaerobes. 

Antimicrobial agents may also play an important role in 
surgical prophylaxis, preventing postsurgical wounds and 
abscesses, which occurred in about 25% of our patients. A 
first-generation cephalosporin, such as cefazolin, is generally 
effective as surgical prophylaxis in sites distant from the oral 
or rectal area. However, in surgical procedures that involve 
mucus surfaces (oral, gastrointestinal, or vulvovaginal), cov- 
erage against both enterobacteriaceae and the B fragilis 
group is of great importance. Single-agent prophylaxis with 
cefoxitin sodium is generally the treatment of choice for such 
prophylaxis. 


Surgical drainage is the therapy of choice of cutaneous 
abscesses and wounds. This is important because the environ- 
ment of an abscess is detrimental for many antimicrobial 
agents. The abscess capsule, the low pH, and the presence of 
binding proteins or inactivating enzymes (such as B-lacta- 
mase) may impair the activity of many antimicrobial agents 
(especially aminoglycosides). However, the administration of 
systemic antimicrobial agents may be indicated in selected 
cases, especially to prevent or treat bacteremia. Antimicrobi- 
al therapy for mixed infections due to aerobic and anaerobic 
bacteria requires the administration of antimicrobial agents 
effective against both aerobic and anaerobic bacterial compo- 


nents of the infection.'** Antimicrobial agents that provide. 


coverage for S aureus as well as anaerobic bacteria include 
cefoxitin sodium, clindamycin phosphate, imipenem and cilas- 
tatin sodium, and the combinations of B-lactamase inhibitor . 
and penicillin and metronidazole hydrochloride and B-lacta- 
mase-resistant penicillin. Cefoxitin sodium and imipenem 
and cilastatin sodium provide also coverage for enterobacter- 
iaceae. However, aminoglycosides or other agents effective 
against these organisms should be added to the other agents 
when treating infections that include these bacteria. 


The authors acknowledge the efforts of the staff of the Clinical Microbiology 
Laboratories and the Clinical Boards at the Naval Medical Center and the 
secretarial assistance of Minerva G. Barreiro. 
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Reinforcement of Colonic Anastomoses With a 


Laser and Dye-Enhanced Fibrinogen 


Nader Moazami; Mehmet C. Oz, MD; Lawrence S. Bass, MD: Michael R. Treat, MD 


è The incidence of anastomotic leakage in colonic surgery is 
approximately 10%. We evaluated a technique of laser-fibrinogen 
reinforcement to strengthen experimental colonic anastomoses. 
The technique consisted of the topical application of indocy- 
anine green dye-enhanced fibrinogen to the serosal surface of 
two-layer inverting anastomoses, followed by exposure with an 
808-nm diode laser. In the 28 rabbits used for this study, mean 
bursting pressure at time 0 was 108+ 13 mm Hg in the group 
receiving anastomoses with sutures alone and 173 + 20 mm Hgin 
the group for which the sutured anastomosis was reinforced with 
laser-fibrinogen. The difference in bursting pressures between 
the two groups was statistically significant at time 0. However, at 
1, 3, 5, and 7 days, the anastomosis became stronger in both 
groups and the difference in strength was reduced: the sutured 
group had more exceptionally weak (<110 mm Hg) bonds than 
the group treated by laser. Thus, laser-fibrinogen reinforcement 
significantly enhances the early strength of sutured colonic an- 
~ astomoses. This technique may reduce the incidence of leakage 
during the first postoperative week and the associated complica- 
tions in a clinical setting. 

(Arch Surg. 1990;125:1452-1454) 


K L eakage from colorectal anastomoses using conventional 
: suture techniques occurs in 10% of patients.” The origin 
of this complication is most likely related to suture line isch- 
emia, tension, and technical flaws.” Attempts at reducing 
colonic anastomotic leakage have included the use of biologic 
glues." Primary laser welding for small-bowel anastomosis 
has also been attempted."*” Even though the nonsuture tech- 
niques create bonds that should be more watertight than 
-sutured counterparts, the bursting pressures appear to be 
inferior. The use of laser energy with or without biologic glues 
has not been systematically studied for use in the colon. We 
evaluated a technique of anastomotic reinforcement using 
indocyanine green dye-enhanced fibrinogen in conjunction 
with the diode laser to strengthen conventional two-layer 
colonic anastomoses. 


MATERIALS AND METHODS 
Fibrinogen Preparation 


Human fresh frozen plasma was transferred to test tubes and 
placed in a freezer at ~ 80°C for at least 12 hours. The tubes were then 
thawed at 4°C and centrifuged at 1000g for 15 minutes. The superna- 
tant was decanted, leaving the precipitate, fibrinogen. The high 
viscosity of this solution permits easy manipulation with forceps. 
Fibrinogen can be stored at — 80°C for up to 1 year.” 


Dye Preparation 


Indocyanine green dye (Becton Dickinson, Baltimore, Md) was 
mixed with normal saline to saturation. The half-life of the solution is 
approximately 10 hours. The dye has a maximum absorption of 805- 
nm wavelength light with an absorption coefficient of 2x 10%m™? 
em”. 
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Laser System 


Welding was performed with a diode laser module (System 7200, 
Spectra-Physics, Mountain View, Calif) coupled to a hand-held focus- 
ing optic. This laser consists of a phased array of gallium-aluminum- 
arsenide semiconductor diodes. The major wavelength output of the 
laser dioce is 808 + 1 nm. Additional bands of laser energy occur in the 
visible red spectrum and allow the operator to visualize the spot size 
of the laser during creation of the weld. 

With the addition of a focusing optic, the beam diameter is 2mm ata 
distance of 4 cm. The focusing optic allowed for a greater working 
distance, providing greater visibility of the anastomotic area. Laser 
power wus measured at the output of the focusing optic with a laser 
power meter (Model 201, Coherent Science Division, Palo Alto, 
Calif). 


in Vivo Bursting Pressure Measurements 
and Survival Studies 


New 4ealand white rabbits were made to fast 24 hours before 
surgery and received 2 mg/kg of gentamicin sulfate and 40 mg/kg of 
ampicillin sodium intravenously. The same dosage of antibiotics was 
administered 8 hours after operation. The rabbits were anesthetized 
with ketamine (85 mg/kg) and xylazine hydrochloride (5 mg/kg). 
After the abdomen was prepared with alcohol solution, a midline 
celiotomy was performed and the appendix delivered into the field, In 
the rabbit, the appendix is a convenient model for studying end-to- 
end coloaic anastomoses without encountering the morbidity associ- 
ated witn procedures on nonprepared bowel. The anastomosis was 
performed approximately 2 cm from the distal tip of the appendix, 
taking care not to compromise the blood supply. In all rabbits, 
anastomosis was performed by a continuous inner layer of 4-0 poly- 
glycolic acid sutures and eight interrupted inverting seromuscular 
sutures asing 4-0 silk. The appendix was kept moist throughout the 
procedure. In control rabbits, the procedure was terminated at this 
point and the abdomen closed with 4-0 polyglycolic acid sutures. 

In the experimental group, 2 em’ of fibrinogen mixed with indo- 
cyanine green dye was spread over the suture line, taking care to 
cover the anastomosis completely. The 808-nm diode laser was oper- 
ated at 370 mW in the continuous-wave mode (power density, 4.8 
W/cm’). The fiber was held 10 em from the anastomosis site, with a 
spot size of approximately 1 mm. Laser energy was applied in a 
“paintbrush manner” over the fibrin glue. The characteristic drying 
of the glue to a light brown, and loss of glistening of the fibrin, 
indicated the end point. 

Bursting pressures were determined after inserting and securing a 
16-gauge ridged, duckbill valve vessel cannula (DLP Inc, Grand 
Rapids, Mich) into the appendix distal to the anastomosis. Intralu- 
minal pressures were recorded on a pressure monitor (Datascope 
2000, Datascope Corp, Paramus, NJ). Next, the appendix was 
clampec proximal to the anastomosis and methylene blue-stained 
saline infused into the viscus until leakage was noted. The bursting 
pressure was taken as the lowest pressure at which any leakage of 
methylene blue was observed. 

At postoperative days (PODs) 0, 1,3, 5, or 7, the rabbits were killed 
and bursting pressures determined, following which the anastomosis 
sites were harvested. An additional four rabbits were followed up tol 
month efter operation. Welded tissue was preserved in a 10% formal- 
dehyde solution buffered to normal pH for hematoxylin-phloxine- 
saffron or Masson trichrome staining. 


RESULTS 
In Vivo Bursting Pressure Measurements 


The laser-fibrinogen-reinforced welds required a laser ap- 
plication time of approximately 1 minute for an anastomosis 
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Fig 1.— Appendiceal bursting pressures from time 0 to7 days following 
the creation of an anastomosis. The sutured (black bars) and laser- 
welded (hatched bars) groups’ bursting pressures are significantly 
ditferent immediately after creation (asterisk; P<.05). 





Fig 2.-~Postoperative day 5 histologic section of a fibrinogen-welded 
colon anastemosis reveals an inflammatory reaction to the sutures 
and fibrinogen ard evidence of fibrinogen resorption from the periph- 
ery (arrow), The muscularis externa (e) is intact, with no evidence of 
thermal injury (hematoxylin-ohloxine-saffron, x 100). 


with circumference of 3 cm. At time 0, the bursting pressures 
of the sutured anastomoses without fibrin glue (108 + 13 mm 
Hg, n=7) were significantly less than those of the anasto- 
moses reinforced with the fibrin glue (173 +20 mm Hg, n=6; 
P<,05) (Fig 1). 

Twenty-three rabbits (14 laser-treated, nine sutured) were 
killed at intervals during the week after operation. The burst- 
ing pressures increased in both groups at a similar rate (Fig 
1), with pressures in the laser-fibrinogen-reinforced samples 
being generally higher than in the sutured anastomoses (not 
significant). In 11 rabbits (eight in the laser-treated group, 
three in the sutured group), the appendixes burst away from 
the anastomosis site. The lowest bursting pressure at any 
time for the laser-treated group was 144 mm Hg (time 0). 
Seven sutured anastomoses burst at the anastomosis site at 
pressures less than or equal to 110 mm Hg. 


Gross Evaluation 


Among the rabbits followed up for 1 to 30 days, no evidence 
of anastomotic leakage or infection occurred in any of the 
sutured or laser-fibrinogen-reinforced anastomoses. In the 
reinforced-group, we noted three moderate stenoses (50% of 
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Fig 3.—Postoperative day 24 histologic section of a fibrinogen rein- 
forcement of a sutured colon anastomosis demonstrates complete 
resorption of the exogenous fibrinogen. No evidence of a foreign body 
reaction to the fibrinogen is found. The fibrotic reaction to the sutures 
(arrows) appears to be resolving. The mucosa (m) appears well 
healed. Lymphoid tissue is prominent in the rabbit appendix (hematox- 
ylin-phloxine-saffron, x 40). 


original lumen, PODs 1, 3, and 5) and one complete stenosis of 
the appendiceal lumen (POD 5). In the sutured group, there 
was one 50% stenosis noted at POD 3 and two complete 
stenoses at POD 5. 


Histologic Evaluation 


Sutured Group.—Within the first week, there was an 
acute inflammatory response to the sutures followed by infil- 
tration of spindle cells, monocytes, and eosinophils. Occasion- 
al foreign body giant cells were noted about the periphery of 
the sutures. By POD 24, the overall inflammatory response 
had subsided but there was still focal inflammation, mainly in 
the periphery of the silk sutures and within the fibers of the 
polyglycolic sutures. Large clusters of giant multinucleated 
foreign body cells were also evident. 

Fibrin Glue-Soldered Anastomoses.—The histologic ap- 
pearance of the fibrin glue-~anastomotic complex was typified 
by the following time course. On the first 3 days after opera- 
tion, the fibrin glue appeared as an eosinophilic amorphous 
coagulum free of cellular infiltrate. By POD 5, an inflamma- 
tory reaction to the sutures and fibrin glue was noted, and 
there was some resorption of the fibrin glue from the periph- 
ery (Fig 2). Proliferation of fibroblasts was noted, although 
lymphocytes dominated the inflammatory reaction. Very few 
neutrophils and no giant foreign body cells were noted. By 
POD 7, there was almost complete resorption and replace- 
ment of the fibrinogen by fibroblastic ingrowth. Also by POD 
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7, colonic mucosa was seen covering the anastomosis in both 
groups. By POD 24 (Fig 3), there was some resolution of the 
fibrotic reaction to the sutures, evidenced by less interstitial 
filling with fibroblasts. No sign of the exogenous fibrinogen 
could be found. 


COMMENT 


We have shown that laser-fibrinogen-reinforced rabbit ap- 
pendiceal anastomoses burst at significantly higher pressures 
than conventional suture closures. The increase in anastomot- 
ic strength persisted throughout the first week following 
operation. 

Approximately one third of the mortality and morbidity 
associated with colorectal procedures results from anasto- 
motic leakage." The most important factors for uncomplicat- 
ed healing are considered to be adequate blood supply, ab- 
sence of tension on the anastomosis, and formation of 
watertight seals." Prevention of anastomotic leakage dur- 
ing the critical first week following operation should signifi- 
cantly reduce the complications associated with these proce- 
dures. Biologic glues and laser welding have been used 
independently by various investigators in an attempt to 
achieve this goal; however, joint use of these modalities has 
not been reported in colonic anastomosis. ™ 

The first attempts to bond tissue employed cyanoacrylates 
but were associated with high mortality in experimental ani- 
mals. Recently, there has been interest in the use of throm- 
bin-activated fibrinogen as a biocompatible tissue sealant. 
Sutureless colon anastomoses using fibrinogen have been 
performed”; however, the glued anastomoses are weaker 
than conventional sutures during the critical “lag” period of 
healing. After 7 days, anastomotic strength, as measured by 
bursting pressures, demonstrates values similar to those ob- 
tained by sutures.”” Similar results have been obtained from 
studies using this agent for microvascular anastomoses.” 

A more effective approach for dealing with postoperative 
leakage has been in the application of fibrin glue to reinforce a 
sutured anastomosis by forming a watertight seal. In heart 
transplantation surgery, this technique has allowed a 68% 
reduction in blood loss.” In rectal anastomoses performed on 
dogs, it has been shown that no leakage occurs when conven- 
tional sutured bowel anastomosis is reinforced with fibrin 
glue applied intraluminally to the mucosa.‘ Fibrin glue has 
been used to reinforce the anastomoses in 32 patients under- 
going colonic resection and anastomosis, with one fatal leak- 
age.” Application of the fibrin sealant for low rectal anasto- 
moses has suggested that although leakage is not prevented 
entirely, the incidence of leakage is reduced.” In the absence 
of a well-controlled randomized trial, the utility of biologic 
glues in colon anastomoses cannot be determined. 

Successful laser tissue welding has been reported in several 
surgical fields.” Techniques generally rely on precise prima- 
ry apposition of the tissue edges and avoidance of thermal 
injury to exposed tissues. Early disruption due to the dimin- 
ished strength of welds immediately after creation has pre- 
vented more widespread use of this technology. A laser- 
fibrinogen-reinforced suture anastomosis does not require 
such precise apposition as an anastomosis primarily made by 
laser. In addition, the dye-enhanced fibrinogen absorbs most 
of the laser energy and thus prevents excessive heating of the 
substrate tissues. Avoidance of excessive heating of the sub- 
strate tissues allows greater technical flexibility during the 
creation of the anastomosis in that imperfections in the suture 
line after initial use of the laser can be readily repaired by 
application of additional fibrinogen and laser. Histologically, 
there appeared to be a greater tendency for fibroblastic re- 
sponse in the laser-fibrinogen-reinforced anastomoses, but 
the stenosis rate was essentially the same in both groups. 
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Most comparative studies of colon anastomoses, with or 
without diologic glues, have looked at postoperative intervals 
of 7 or more days. We did not observe a significant difference 
in leakage of pressure at 7 days, suggesting that the colon had 
achieved significant strength in this time. The most signifi- 
cant difference was observed on PODs 1 and 3, the lag period 
of anastemotic healing. Our results demonstrate that laser- 
fibrinogen—reinforced colonic anastomoses are stronger than 
conventional sutured anastomoses; this improvement may 
result in a reduction of anastomotic leakage in a clinical 
setting. 


We gratefully acknowledge the statistical assistance of Robert Sciacca and 
the excellent technical assistance of Alfredo Morales, Edith K. O'Brian, Denise 
W. Sheppard, James M. Visser, and Alfred T, Lamme. 
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Hepatic Vein Reconstruction for Preserving 


Remnant Liver Function 


Satoshi Nakamura, MD; Shukichi Sakaguchi, MD; Tadashi Kitazawa, MD; Shouhachi Suzuki, MD; Kenichi Koyano, MD; Hiroyuki Muro, MD 


è Hepatic malignancies often infiltrate to the major hepatic 
vein. Recently. we performed hepatic resection combined with 
hepatic vein reconstruction for preserving remnant liver function 
In three such patients. One patient had a saphenous vein graft. 
Postoperative liver function of the patients who underwent he- 
patic vein reconstruction was compared with those of eight pa- 
tients who underwent hepatic resection of segments VII and VIII. 
The right hepatic vein in four of them was resected and in the 
remaining four was preserved by skeletalization using an ultra- 
sonic aspirater. Although four patients with right hepatic vein 
resection showed severe lowering of liver function after surgery, 
the postoperative course of patients with preservation or recon- 
struction of the right hepatic vein maintained good liver function. 
Liver regeneration of three patients with hepatic vein reconstruc- 
tion was good on computed tomography. Besides this report, to 
our knowledge, there is no other report of hepatic vein recon- 
struction for preserving the remnant liver function. Problems 
with. hepatic resection combined with hepatic vein reconstruc 
tion are discussed. Weconclude that hepatic vein reconstruction 
is one of the means for extending indication of the malignant 
tumor resecticn of tha liver. 

(Arch Surg. 1990;125:1 455-1459) 


ight hepatic lobectomy for hepatocellular carcinoma 
(HCC) combined with cirrhosis is often limited because 
of the low level of hepatic function. Accordingly, various 
procedures for resecting liver cancer located in segments VII 
and VIII of the liver have been reported.’ Most of the right 
lobe of the liver is Grained by the right hepatic vein (RHV). 
Therefore, when a malignant tumor in segments VII and/or 
VIII compresses or infiltrates the major trunk of the RHV, 
the RHV is resected together with the tumor for curative 
resection, and subsequently the main drainage vein of seg- 
ment VI is ligated. After the procedure, however, it remains 
unknown as to whether segment VI without a drainage vein 
can share in the postoparative function of the remnant liver. 
We previously reported the results of an animal experi- 
ment study, in which we found that the congestive area due to 
hepatic vein igation in the remnant liver cannot be expected 
to function with an available parenchyma in the early postop- 
. erative period.’ Adcitionally, this problem is more serious in 
- drrhotic patients with a lower liver function. We have found 
no reports describing the procedure to overcome this prob- 
lem. We recently performed hepatic vein reconstruction in 
three cases for the purpose of preserving a drainage vein of 
the remnant liver segment. This article reports on the impli- 
cation of hepatic vein reconstruction in the remnant liver 
segment. 


PATIENTS AND METHODS 
Patients 


From March 1978 to December 1989, 203 hepatectomies were 
performed at the Second Department of Surgery of Hamamatsu 
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(Japan) University Hospital. Eleven of these patients (5,4%) are 
analyzed herein. These patients were divided into three groups (Ta- 
ble 1 and Fig 1). Group A includes four patients who underwent 
resection of segments VII and VIII combined with RHV resection. 
Group B consists of four patients with resection of segments VII and 
VII, with the RHV being preserved by skeletalization using an. . 
ultrasonic aspirator. Of the three patients of group C, the RHV was 
reconstructed after resection of segments VII and VIII in one pa- 
tient; the left hepatic vein was reconstructed after systematic subseg- 
mentectomy in one; and the RHV was reconstructed by a patch graft 
in the remaining one. The patients were nine men and two women 
averaging 55.8 years in age, ranging from 44 to 65 years. 

The histopathological diagnoses of the tumor and chronic liver 
diseases are listed in Table 1. There was one nonmalignant lesion that 
was diagnesed as congenital cystic dilatation of the intrahepatic bile 
ducts in segments II, VII, and VHI, namely, type IV of Arthur's 
classification,’ with chronic hepatitis, hepatolithiasis, and suppura- 


tive cholangitis. Hepatomas were the most common operative tar: 


gets. Liver cirrhosis was complicated in five of eight patients with 
hepatoma, and chronic viral hepatitis in four. There were several 
reasons for operatively treating the hepatic vein. These reasons were 
as follows: the tumor was very close to the main hepatic vein in three 


patients, direct invasion into the main hepatic vein in four, multiple" 


daughter nodules of HCC in three, and a tumor of more than 5. em in 
diameter between segments VII and VIII in four. In one patient, an 
inferior RHV (IRHV) of 8 mm in diameter, which was to be pre- 
served, was injured during dissection of the hepatic parenchyma and 
ligated. 

Surgical Technique 


After complete mobilization of the right lobe, the relationship 
between location of the tumor and vessels in the liver was certified 
according to Couinaud’s nomenclature,’ and the size and number of 
the tumors were explored by intraoperative ultrasonography. The 
presence cf an IRHV was confirmed in nine patients (Table 1). 
Dissection of the hepatic parenchyma was performed using an ultra- 
sonic aspirator under Pringles maneuver. The RHV of four group A 
patients was resected, and that of four group B patients was pre- 
served usir:g an ultrasonic aspirator, 

Right and left hepatic veins was reconstructed by interpositioning 
of the graf: that was taken from the saphenous vein or the external 
iliac vein in two patients of group C, respectively. In the latter 
patient, the resected external iliac vein was reconstructed using a 
ringed expanded polytetrafluoroethylene graft. The remaining one 
patient of group C had a patch graft at the RHV. 

From the second postoperative day, intravenous administration of 
15 000 IU/d of heparin sodium was begun in both patients with vein 
reconstruction. From the 4th postoperative day, 4 mg/d of warfarin 
potassium was administered and has been continued to the present. 


Assessment of Liver Function Before and After Surgery 


Patients were tested for indocyanine green (ICG) tolerance (intra- 
venous administration of 0.5 mg/kg body weight of ICG), prothrom- 
bin time, levels of aspartate aminotransferase (AST), alanine amino- 
transferase (ALT), total bilirubin, and fibrinogen. All were done 
preoperatively and at 1, 3, 5, 7, 10, and 14 days after surgery, except 
for the ICG test, which was performed only before surgery. The 
preoperative blood laboratory data between the three groups are 
compared in Table 2. The preoperative serum fibrinogen level 
showed a significant difference only between groups A and B, al- 
though both levels were within the normal range. Postoperative 
hepatic verography was performed on three patients who underwent 
hepatic vein reconstruction 1 month after surgery. 
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Presence of IRHV, of IRHV 
Complicated 
Group Disease Liver Disease RHV 


A HCC Type BLC 
HCC CH 
HCC Type BLC 
HCC Type B LC 
Type BLC Preserved 
Active CH Preserved 
None Preserved 
CH Preserved 
None Reconstructedt = 
Reconstructed 
Reconstructed 1 


*HCC indicates hepatocellular carcinoma; LC, liver cirrhosis; MLC, metastatic 
liver cancer from colon (both were adenocarcinoma); CDIBD, cystic dilatation 
of intrahepatic bile ducts; RHV, right hepatic vein; IRHV, inferior right hepatic 
vein; and CH, chronic hepatitis. 
<, tSystematic subsegmentectomy and left hepatic vein reconstruction were 

performed, but right hepatic vein draining segment VII was preserved. 
$Three short hepatic veins were ligated and cut for resection of segment VI. 


No. Pig RNS mm 
Resected 1 8 
Resected 3to5 
Resected 

Resected 
































Statistical Analysis 


The significance of any difference was evaluated by Student's t 
», test, with P<.05 being considered significant. 


RESULTS 
Intraoperative Data 
~The mean operating time (+SD) of the 10 patients was 


266+ 157 minutes, ranging from 130 to 580 minutes. The 
_ amount of bleeding during the operation averaged 1272+ 


705 mL and ranged from 400 to 2319 mL. In three patients 
¿with RHV strongly compressed by the tumor, oozing, most 
probably venous oozing, from the liver stump was a serious 


- problem during dissection of the hepatic parenchyma. There 


-were no significant differences between groups A and B in the 
operating time, amount of intraoperative bleeding, weight of 
the resected specimen, and the tumor size. However, three 
group C patients required a very long operating time in 
comparison with group A and B patients because of the har- 
vesting of the autovein graft and venous reconstruction. 


Mortality and Morbidity 
There was one operative death of a group A patient who had 
retrograde infection along a drainage tube and Staphylococ- 
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eee er ef 
Liver 
Function 


ICG 
R-15 15.9+5.0 


KICG 0.129 + 0.023 0.147 +0.05 0.182 
PT, % 101414 111426 96 
ALT, U 16.29 +6.74 17.83 + 10.12 
TB, pmol/L 13.3+1.5 12.8 +6.8 10.7 
Fibrinogen, g/L 3.16 + 1.60f 2.54 + 1.18f 2.63 


*Values are presented as mean+SD. ICG indicates indocyanine green; 
R-15', retention rate 15 minutes after injection of ICG; KICG, removal rate of 
ICG; PT, prothrombin time; AST, aspartate aminotransferase; ALT, alanine 
aminotransferase; and TB, total bilirubin. 

tFibrinogen level only in serum showed a signiticant difference (P<.05). 
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16.4216 7.7% 











cus epidermidis sepsis, as well as massive bleeding from the 
liver stump that suddenly occurred on the 13th postoperative 
day. The patient died of hepatic failure on the 16th postopera- 
tive day. 

Two group A patients and two group B patients had right 
pleural effusion that was removed by paracentesis and disap- 
peared in all patients within 2 weeks after surgery. Biliary 
fistula oecurred in one group B patient with nonmalignant 
disease. None of the group C patients had postoperative 
complication. 


Postoperative Liver Function 


On the first postoperative day, the AST levels of all group A 
patients elevated to 292.5 U/L in average ranging from 149.4 
to 704.6 U/L. However, those of all group B patients averaged 
62.1 U/L, ranging from 50.1 to 87.7 U/L. The AST levels of 
three greup C patients showed a tendency to elevate to the 
same level as in group A. The AST levels of all patients fell to 
less than 48.2 U/L within 1 week after surgery. Since the 
range of fluctuation of AST was large, significant. differences 
were not assessed between the three groups. The postopera- 
tive changes in the ALT level presented the same pattern as 
those of AST. The serum total bilirubin level in only one group 
A patient remained persistently high (up to 188.1 pmol/L) for 
a long period after surgery. However, the maximum serum 
total bilirubin level in patients of groups B and C was 
42,75 pmol/L, and fell within the normal level 5 days after 
operation. The prothrombin time in all group A patients fell to 
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Fig 2.—?ostoperative changes of prothrombin time. Solid line with 
solid circles indicates group A; solid line with open circles, group B; 
broken line, group C; and dagger, one operative death. 


less than 70% after surgery (Fig 2), while those of all group B 
patients and two of three group C patients remained over 80% 
through the postoperative course. Although the number of 
patients was small, there was a significant difference in pro- 
thrombin time on the third postoperative day between groups 
A and B (P<.01). 


Postoperative Hepatic Venography and Computed 
Tomography (CT) of the Liver 


Hepatic venography was performed 1 month after surgery 
in all patients who urderwent hepatic vein reconstruction. 
The RHV grafted using the right external iliac vein and the 
RHY that had a patch graft were completely patent on angi- 
ography. Although the saphenous vein graft occluded, the 
hepatic volume was 1133 em* by CT volumetric determination 
1 month after surgery. 


_ Long-term Survival 


¿o Lorg-term survival after operation is summarized in Table 
:3. Two patients of group A died of recurrence of HCC 6 and 15 
months after surgery. All group B and C patients are alive 
` witho zt recurrence of carcinoma, although the follow-up peri- 
ods of group C patienzs are short. One group B patient with 
benign biliary tract disease is doing well without an episode of 
cholangitis. 
One typical patient each of group A and C is presented to 
emphasize the significance of RHV reconstruction in patients 
with resection of segments VII and VIII. 


Report of Cases 


CASE 1.--A 53-year-old man was operated on for primary liver 
cancer. on September 4, 1985. He had histopathologically chronic 
< hepatitis and good hepatic function. A tumor 10 cm in maximum 
diameter located in segments VII and VIII had no tumor capsule and 
no intrahepatic metastases. Since the tumor was close to the RHV, 
segments VII and VHI were resected with the RHV. On intraopera- 
tive exploration, segment VI had no venous drainage of IRHV. 
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Table 3.— Results After Liver Resection of Segments Vil and 
Vill With Follow-up Study to June 30, 1989 










Opera- Later Alive 
tive Death Tumor-Free 





No. of 




































Group Diagnosis Patients Death (Time, mo) (Time, mo) 
l Hepatoma 4 1 2 (6,15) 1 (46) 
|B Benign 0 0 1 (19)* 
Hepatoma 2 0 ie) 2 (25, 50) 

Metastatic carcinoma 1 0 o 4 (58) 
C  Hepatoma 2 9 0 2 (14, 4) 
Metastatic carcinoma 1 0 0 4 (14) 





*This patient has no episode of cholangitis. 


Immediately after RHV ligation, the surface of the fifth and sixth 
segments turned slightly purple. Although the AST level of this 
patient postoperatively increased to 1464 KU, and the prothrombin 
time was prolonged to 65%, his postoperative course was uneventful, 
On the liver scintigrams, the radioisotope uptake of segment VI was 
sparse 2 weeks after surgery (Fig 3), but slightly increased at 1 
month. The liver scintigram 3 years after surgery showed a sufficient 
radioisotope uptake in segment VI. 

CASE 2.—A 65-year-old man was admitted in September 1988 for 


the close examination and surgical treatment of liver tumor. Ultra- . 


sonography of the liver disclosed a well-capsulated liver mass 4 em in 
diameter between the RHV and the inferior vena cava, and exhibited 
a dense connection with the RHV (Fig 4). On preoperative hepatic 
venography and cavography, both large veins were strongly com- 
pressed by the tumor, while a short hepatic vein draining segment VI 
could not be found. Ee 

In October 1988, resection ofsegments Viland VII withtheRHV | _ 
was performed through a right seventh intercostal thoracoabdominal 
incision. The inferior vena cava could be easily divided without mac- 
roscopic invasion from the tumor. An external iliac vein graft'§em in ` 
length and 1 em in width was excised through a newly made extraperi- . 


toneal route. After the tumor was removed with the RHV, hepatic. 


vein reconstruction was then carried out using the graft (Fig 5). The 
blood flow at the surface of segment IV measured by laser doppler °.. 

blood flowmeter (Advans Co Ltd, Tokyo, Japan) was 19.2, 3.8, and 
17.8 mL/min per 100 g of liver tissue before, during, and after RHV 
reconstruction, respectively. The clamping time of the RHV was 92 
minutes. The postoperative course was uneventful, On postoperative 
hepatic venography, the grafted portion was patent without stenosis 
(Fig 6, top). A sufficient radioisotope uptake of segment VI was 
observed on liver scintigram 2 weeks after surgery (Fig 6, bottom). 
The patient is currently doing well without signs of recurrence of 
HCC. 


COMMENT 


Surgical resection is thought to be the only curative treat- 
ment for HCC. However, the major hepatic vessels invaded 


by a tumor must inevitably be resected to obtain a curative 


resection. When a tumor is located close to the confluence of 


the hepatic vein and the inferior vena cava, resection of the 


major hepatic vein with hepatectomy is required. After liga- 


tion of the hepatic vein on the peripheral side, however, a 


whether the congestive area is available as a functional vol- 


ume in the remnant liver has remained controversial.” Re- os 


section of segments VII and VIII combined with RHV resee- 
tion for patients with a large IRHV has rarely been 
performed.’ In this operation, the presence of a large IRHV is 
very important. Nakamura and Tsuzuki’ previously reported 
that 79% of human liver has IRHVs of various sizes, Howev- 
er, whether a small IRHV can sufficiently drain segment VI 
immediately after ligation of the main RHV is still not known, 

When a hepatic vein in the remnant liver was ligated in our 
previous experiments using rats,” the congestive area histo- 
logically resulted in necrosis of the hepatic parenchyma 24 
hours after ligation. However, good regeneration was seen 4 
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Fig 3.—Liver scintigram 2 weeks after surgery. Radioisotope uptake of the sixth segment Fig 4.—Preoperative ultrasonography of the 


decreased in the early postoperative period. tumor in the liver. The tumor is located with a 
dense connection just below the confluence 


of the right hepatic vein and inferior vena cava 
(arrows). 





Fig 5.—Right hepatic vein grafted by the right external iliac vein. IVC 

indicates inferior vena cava; G, grafted vein; and HV, right hepatic 

vein. Fig 6.—Top, Postoperative hepatic venography of the patient with a 
right hepatic vein graft. Bottom, Hepatic scintigram 2 weeks after 


surgery. 
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Fig 7.—Hepatic venography of rats on the first postoperative day (top) 
and seventh postoperative day (bottom) after hepatic vein ligation. 
Very small cormmunicatirg veins in the liver could not sufficiently drain 
the congestive area on the first day after ligation. Arrows show a newly 
developed intrahepatic collateral vein. 


days after surgery. Moreover, on the seventh day after sur- 
gery, intrahepatic verous collaterals for draining the conges- 
tive area were observed (Fig 7). However, the area of the 
liver zhat had congestion and necrosis (Fig 8) because of 
hepatic vein ligation was macroscopically atrophic. We thus 
concluded that the cor.gestive area of the hepatic parenchyma 
due tc hepatic vein ligation cannot be expected as a functional 
part of the remnant liver. Depinto et al’ reported that in a 
patient who underwent middle and left hepatic vein ligations 
because of blunt abdominal trauma, the left lobe was not 
visualized on liver scintigram 10 days after surgery. This case 
suppcrts the result of our experimental study. Furthermore, 
liver regeneration after hepatectomy was delayed in the pa- 
tient with cirrhotie liver.” Therefore, if there is no large 
IRHY, RHYV reconstruction should be performed for pre- 
serving the liver function of segment VI in resection of seg- 








Fig 8.—Central and middle area of the rat liver showed massive 
necrosis 8 hours after hepatic vein ligation in rats. CV indicates central 
vein, and P, portal area (nhematoxylin-eosin, original magnification 
x 100). 


ments VII and VIII. In the present clinical study, there were 
significant differences in postoperative liver function be- 
tween the three groups. This signifies the importance of 
venous drainage of the remnant liver, which has been sup- 
ported by our experimental study. 

The proper material for hepatic vein grafts should be cho- 
sen according to the diameter of the vessels to be recon- 
structed. A saphenous vein was considered to be a suitable 
graft for the left hepatic vein of relatively small diameter, but 
unfortunately it occluded on the venogram 1 month after 
surgery, possibly due to a small caliber and deformity caused 
by early regeneration of the remnant liver lobe. This patient, 
however, had an uneventful postoperative course. The graft 
may have been patent until development of intrahepatic col- 
laterals as suggested in our experimental study. The external 
iliac vein may well be indicated for the RHV reconstruction 
except for one disadvantage, that is, its preparation needs 
more time. On the other hand, although the patch graft of the 
hepatic vein can be safely performed, insufficient resection of 
carcinoma may occur. Concerning these problems, greater 
experience should be amassed. 

There are very few reports of hepatic vein reconstruction. 
Anastomosis between the inferior vena cava and the left 
hepatic vein was performed in a patient undergoing split 
transplantation of the liver.” Starzl et al” removed of the 
right hepatic trisegment, retrohepatic vena cava, and left 
hepatic vein in a patient with hepatic metastases, and per- 
formed reconstruction using a reversed cadaver vena cava~ 
iliac vein homograft. No reports have appeared concerning 
hepatic vein reconstruction considering the remnant liver 
function after resection of a liver tumor. 
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Evaluation of Methods for 
Detecting Venous Reflux 


Perspectives in Venous Insufficiency 


Seshadri Raju, MD, Ruth Fredericks, MD 


o Using 793 limbs with nonobstructive venous reflux, we eval- 
uated a number of techniques used for the assessment of venous 
reflux. The venous Doppler examination was found to be a reli- 
able screening tool with excellent sensitivity and good specific- 
ity. Photoplethysmography was 97% sensitive in patients with 
ambulatory venous hypertension; however, in milder forms of 
reflux, itwas less sensitive. The major drawback of photoplethys- 
mography was the large number of false-positive results ob- 
tained. Ambulatory venous pressure measurement and another 
pressure-based technique, Valsalva-induced foot venous pres- 
sure measurement, defined overlapping but different normal and 
abnormal limbs. Descending venography, when performed as 
described by Kistner et al, was found to be a reliable tool to 
assess reflux with more than a 90% sensitivity. The horizontal 
technique of performing descending venography and nucleotide 
descending venographies had unacceptably low sensitivity and 
were abandoned. Features of venous reflux as outlined by these 
moderrtechnical too's are described. 

{Arch Surg. 1990;125:1463-1467) 


mbulatory vencus pressure measurement has been the 
-traditional “gold standard” for evaluating venous reflux. 
« More recently, numerous other techniques, such as descend- 
‘Ing venography and photoplethysmography (PPG), have be- 
-come popular alternative methods of analyzing venous insuffi- 
ciency. In addition, it is possible to separate venous reflux 
more accurately from obstruction such that a more selective 
and “purer” material is available for analysis of venous re- 
flux.’ Not surprisingly, the newer technology has yielded 
newer perspectives. In some areas, such as the relationship 
between superficial and deep venous insufficiency or the etio- 
logic role of perforator incompetence, it has yielded informa- 
tion contrary to long prevalent beliefs. This article presents 
an evaluation of several available techniques for detecting 
venous reflux, with emphasis on descending venography. 
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MATERIALS AND METHODS 
Materials 


From 1978 to 1987 a total of 1421 limbs were screened for suspected ` 
chronic venous insufficiency in the Vascular Laboratory of the Uni- - 
versity of Mississippi Medical Center, Jackson. Of these, 793 limbs 
were determined to have nonobstructive chronic venous insufficiency 
based on laboratory examination and hemodynamic techniques previ- `: 
ously described to rule out obstruction.” Several limbs were hemody- 
namically classified as “normal,” as no abnormalities were detected 
by the various laboratory techniques. In addition, data from 80 
healthy volunteers were also included as part of the control group of 
normal limbs. This experience forms the basis of this article. Statisti- 
cal analysis was carried out using the Kruskal-Wallis method of 
analysis of variance by ranks.” 


Methods 


Clinical Classification. —Severity of venous reflux was graded 
clinically as recommended by the Committee on Venous Standards.” 

Doppler Examination. —A detailed Doppler examination of both 
limbs, with examination of the femoral, popliteal, saphenous and 
posttibial veins, was carried out with the patient in the supine 
position. 

PPG. —The technique of PPG for venous congestion was carried 
out as described by Barnes et al. A tourniquet (80 mm Hg) was used 
below the knee to differentiate superficial from deep incompetence. 

Venous Pressure Measurement. — The Arm-Foot Venous Pres- 
sure Differential and Reactive Hyperemia Tests.—The arm-foot ve- 
nous pressure differential and reactive hyperemia tests exclude ves 
nous obstruction and have been detailed elsewhere.” 

Ambulatory Venous Pressure Measurement. — Pressures in a dor- < 
sal vein of the foot were recorded with the patient standing still, 
followed by manual compression of the calf several times (usually six ` 
to 10 compressions) until the pressure reached a plateau and then 
recovered to levels recorded before simulated exercise. The efficacy 
of the manual calf compression technique was validated by comparing . 
it with the traditional “toe-stand” technique (see “Results” section). 

In the toe-stand technique, instead of manual compressions, the 
patient was asked to raise the heel repeatedly to exercise the calf 
muscles actively until the foot venous pressure reached a plateau, 

Valsaiva-Induced Foot Venous Pressure Elevation.—The pres- ` 
sure in the dorsal vein of the foot was recorded in the supine patient at 
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Table 1.—Evaluation of Techniques Used to Datect Venous Reflux - 


Technique Used as Reference (‘Gcid’) Standard for Evaluation* 





Descending 
Venography by 
Kistner 
eta? 


Valsaiva-induced 
AVP RT, 
<16 8 





% Sensitivity 
% Specificity 


Technique 
Being Evaluated* 


4 


Yo Speciticity 
% Sensitivity 


% Sensitivity 
% Sensitivity 
% Specificity 





Doppler 


8 
8 
z 
8 





Ri: | % Sensitivity 4 


PPG 


3 


g 
8 








AVP RT 
<16s 


2 
oO 
N 
D 


QD 
NI 





<50% Drop 


foe] 
O 





Valsalva- 
induced FVP, 
>4 mm Hg 





Descending 
venography 
Kistner et al’ 





Thomas et al? 





Nucleotide 


rest and with the patient exercising a graduated Valsalva’s maneuver 


<i to 40 cm of water pressure." The rise in foot venous pressure (ex- 


< pressed in millimeters of mercury) with Valsalva’s maneuver was the 
-relevant factor for the test. 
© Ascending Venography. — Ascending venography was performed 
with the patient in 60° partially erect position with a tourniquet above 
the patients ankle. 

Descending Venography.— Descending Venography by Kistner 
et al. —Descending venography was performed according to the tech- 
© nique described by Kistner et al.’ The patient was placed at 60° 
¿i partially erect position and asked to perform Valsalva’s maneuver by 

blowing against a mercury manometer at 30 to 40 mm Hg. Reflux 
-o observed during the Valsalva maneuver was graded according to 

: Kistner’ classification as follows: 0, no reflux; 1, reflux of the upper 
thigh; 2, reflux up to the popliteal; 3, reflux up to the calf veins; or 4, 
<< reflux up to the ankle. A different classification? based on the number 
and level of venous systems involved was also evaluated. In the latter 
method, reflux was classified as involving single level/single system, 
single level/multiple systems, or multiple level/multiple systems. 

Descending Venography by Thomas et al.—In 44 limbs, a supine 
technique of descending venography recently described by Thomas 
~- et al’ was also evaluated. Reflux was monitored and filmed while the 
patient executed a Valsalva maneuver in the horizontal position. 
< Nucleotide Descending Venography.—Technetium Te 99m albu- 
< “min colloid was injected via a femoral vein catheter. The technique for 
` eliciting reflux and gradation was similar to that employed for de- 
scending venography. 
>> Strip Test for Reflux During Surgery.—The presence of valve 
. reflux can be detected during surgery by performing a strip test.° A 

“bulldog clamp is placed on the vein 3 to 4 ems below the valve. 
Tributaries draining into this segment are either ligated or controlled 
~ -by silk loops. The venous segment between the valve and the clamp is 
digitally stripped empty and refilling is observed. A competent valve 
will. prevent retrograde refilling of the emptied venous segment. 
Reverse Trendelenberg’s position of the patient during the maneuver 
is helpful. 


RESULTS 
Evaluation of Techniques 


The sensitivity and specificity varied according to the “gold 
standard” utilized for comparison. When stasis ulceration was 
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*PPG indicates photoplethysmography; AVP RT, ambulatory venous pressure recovery time; end FVP, foot venous pressure. 





utilized as a “gold standard” (Table 1), all of the techniques not 
surprisingly exhibited good to excellent sensitivity. Because 
stasis ulceration was always associated with reflux, specific- 
ity data are lacking under this column. Of course, venous 
reflux can be present in a milder form without stasis ulcer- 
ation. A aumber of techniques, including Doppler, descend- 
ing venography, ambulatory venous pressure, and Valsalva- 
induced fot venous pressure elevation, are usable techniques 
in this ccntext. Unfortunately, there is no agreement as to 
which of these can be considered a “gold standard.” Almost all 
suffer frem shortcomings (see “Comment” section). Table 1, 
therefore, provides a measure of accuracy for a given tech- 
nique when a variety of other techniques are used as a “gold 
standard ” For such a comparison, both the technique being 
evaluatec and the referenced “gold standard” should have 
been performed on the refluxive limb. For a variety of techni- 
cal and rontechnical reasons, not all techniques were per- 
formed o1 every limb evaluated in the laboratory. The num- 
ber of limbs tested, therefore, has varied for the various 
comparisons detailed in Table 1. The number of limbs tested 
are shown under n for calculating sensitivity and specificity 
data for a given technique. 

Doppler Examination.—The Doppler examination was 
sensitive irrespective of the reference standard used for com- 
parison. The Doppler examination can detect reflux even at a 
single va.ve level. Reflux may not become hemodynamically 
important until multiple valve sites become refluxive. The 
Doppler examination, therefore, can be considered a highly 
sensitive technique for detection of even early disease. 

PPG.—Photoplethysmography was moderately sensitive 
when compared with descending venography or Doppler ex- 
amination. Sensitivity was excellent when tested in patients 
with abnermal pressure measurements, but PPG had a uni- 
formly low specificity, regardless of the reference standard 
used. A normal PPG test, therefore, generally signifies the 
absence cf advanced reflux with pressure changes. The num- 
ber of false-positive results in “normal” limbs is high, and this 
test may miss a number of limbs with minor forms of reflux. 
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Table 2.—Clinical Severity of Venous Insufficiency* and Associated Hemodynamics (Mean + SD) 


PPG RT, st % Drop 


Valsatva-induced 
FVP, mm Hg 





Class: 
l(a 9.6+4.2 (48) 


lil) 7.0+4.9 (84) 28+9 (49) 





36+12 (23) 


1523.4 (41) 4.93.3 (35) 
10.5+5.5 (68) 7.949 (60) 











P NS NS 
*Classification by Venows Standards Committee.* 





<.002 <1 


TPPG indicates photopiethysmography; RT, recovery time; AVP, ambulatory venous pressure; FVP, foot venous pressure. 


For these reasons, perhaps it should not be used as the sole 
screening device in the vascular laboratory. 

Ambulatory Veneus Pressure Measurement. —The man- 
ual calf compressiom technique was compared with the tradi- 
tional tee-stand techriique in 44 limbs. No difference was seen 
in the mean recovery time (15 vs 15 seconds, respectively). 
Variations in mean postexercise pressure were less than 
6mm Hg (50 vs 56 mm Hg for manual compression and toe 
stands, respectively’. The manual calf compression avoided 
difficulties with patient cooperation and eliminated exercise- 
induced reactive hyperemia, sometimes seen with the tradi- 
tional toe-stand technique. 

Compared with descending venography, ambulatory ve- 
nous pressure (recovery times, <16 seconds) was 83% sensi- 
tive. Sensitivity of postexercise pressure drop (<50%) was 
slightly better. Ambulatory venous pressure was somewhat 
less sensitive when compared with venous Doppler examina- 
tion, probably because reflux at multiple valve sites is re- 
quired fer the generation of abnormal ambulatory venous 
pressure. A small, but significant, percentage of patients 
with stasis ulceration have “normal” ambulatory venous pres- 
sure measurements.” 

Tourniquet Test to Differentiate Superficial from Deep 
Reflux.—In 14 limbs (11%) of 124, a below-the-knee tourni- 
quet completely normalized ambulatory venous pressure re- 
covery times, suggesting “pure” superficial disease. In 12 of 
these 14 limbs, descending venography was performed and 
. Showed reflux in the deep system. 

In ancther group» of limbs (n=66), the tourniquet test 
showed significant (>3 seconds) improvement of ambulatory 
venous pressure recovery times in 18 limbs, suggesting com- 
bined. superficial and deep disease. In 11 (61%) of these 18, 
combined disease was confirmed on descending venography. 
Superficial (saphenous) reflux was not found in the remaining 
seven limbs (89%) on descending venography. In 48 limbs, 
tourniquet application resulted in no change in ambulatory 
recovery times. However, 13 of these limbs had significant 
Saphenous (and deep? reflux on descending venography, ap- 
parently missed by the tourniquet test (false-negative results 
of 27%). These data suggest that the tourniquet method may 
be unreliable in separating superficial from deep disease. 

Valsaiva-Induced Foot Venous Pressure.—The tech- 
nique was highly reproducible. The coefficient of variation on 
repeated tests was 4% (n=27). Mean (+SD) Valsalva-in- 
duced foot venous pressure in normal limbs was 2.9 + 
1.1mm Hg (n=24).. In refluxive limbs, a mean value of 
7.9 + 5.1 mm Hg (n=683) was obtained. This difference was 
significant (P<.0001). Patients with stasis symptoms under- 
going vaive reconstruction had somewhat higher values 
(9.2 + 5.3mm Hg, n=41) which significantly improved after 
surgery (4.2 + 2.5 mm Hg, n=41; P<.004 vs preoperative 
values). The technique is highly sensitive in stasis ulceration 
(Table ljand only 3% of the patients were asymptomatic in 
the presence of an abnormal test (n= 168). It was roughly 
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similar to ambulatory venous pressure measurements in sen- 
sitivity and specificity values. However, the two techniques 
apparently define slightly different normal and abnormal pop- 
ulations. Each technique is abnormal only about two thirds 
(66% to 67%) of the time when the other technique is abnor- 
mal. A normal reading by each technique is obtained in only 
about three fourths (73% to 76%) of the limbs so tagged by the 
other technique (Table 1). This indicates that related, but 
different, values are being measured by the two pressure- 
based techniques. 

Strip Test to Detect Valve Reflux During Surgery. — 
Only 89% of the patients determined to have reflux preoper- 
atively by detailed studies, including the Doppler examina- 
tion and descending venography, demonstrated valve insuffi- 
ciency by the strip testing intraoperatively. In the other 11% 
of patients, the vein undergoes contraction from surgical 
manipulation. Contraction of the valve ring by this mecha- 
nism results in intraoperative valve competence.° 


HEMODYNAMIC BASIS FOR CLINICAL 
GRADATION OF REFLUX 


Table 2 shows the correlation between gradations of clinical 
severity (recommended by the Committee on Venous Stan- 
dards‘) and the corresponding PPG, Valsalva-induced foot 
venous pressure, the ambulatory venous pressure test re- 
sults. Photoplethysmography, a qualitative test, shows little 
gradation with increasing clinical manifestation of disease. 
Such a gradation seems to be present with the other two 
pressure-based, semiquantitative techniques. Postexercise 
pressure drop (percentage) did not show a significant differ- 
ence even though a suggestive trend was present. Despite the 
presence of an abnormal test indicating venous reflux, 8%, 
13%, 5%, and 3% of limbs tested by Doppler, PPG, ambula- 
tory venous pressure, and Valsalva foot venous pressure 
techniques, respectively, were clinically asymptomatic. 


Ascending Venography: Calf Varicosities 


The presence of calf varicosities on ascending venograms 
was often noted by the interpreting radiologist. The presence 
of calf varicosities (n=77) was associated 100% with deep 
venous disease on descending venography. Seventy-four of 77 
of these limbs also had ambulatory venous hypertension. 
Therefore, calf varicosities are a sign of deep valve disease. 


Descending Venography 


The sensitivity of descending venography in detecting val- 
vular reflux was excellent when compared with other tech- 
niques, including direct observation (strip test) at the time of 
surgery (Table 1). Descending venography was also specifie 
using the venous Doppler examination as the reference stan- 
dard. Specificity of descending venography was low when 
ambulatory venous pressure or Valsalva-induced foot venous 
pressure was used as the reference. This is a reflection of the 
fact that descending venography is sensitive to even milder 
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forms of venous reflux, whereas ambulatory venous pressure 
` and Valsalva-induced foot venous pressure become abnormal 
only with more extensive disease. 


The Horizontal Technique for Descending Venography 


Descending venography when performed in the horizontal 
position as described by Thomas et al’ was poorly sensitive 
(54%) with venous Doppler as the reference standard. The 
specificity was 89%. Because of the high false-negative rate 
(46%), it has since been abandoned. 


Bilaterality 


Reflux is predominantly bilateral. This is emphasized by 
the detection of bilaterality by various techniques, including 
-~ descending venography (Table 3). 


Superficial and Deep Venous Insufficiency 


From descending venography, venous reflux can be identi- 
fied as “pure,” superficial (saphenous reflux only), pure deep 
-> reflux, or a combination (saphenous plus deep veins). The 
-> incidence of pure superficial reflux is diminutive (<1% 

< [1/232). Deep reflux either alone (71% [164/232]) or in combi- 
nation with superficial reflux (29% [67/232]) was the predomi- 
nant pathologic feature. 


HEMODYNAMIC BASIS FOR GRADING 
REFLUX BY DESCENDING VENOGRAPHY 


Reflux detected by descending venography was examined 
by two methods of classification: the Kistner classification’ 


~~ (based on the distal extent of reflux) and our classification? 


(based on the number of venous systems involved in reflux). 


Table 3.— Incidence of Bilaterality of Venous Reflux 


% of Reflux 
paama aannemen, 


Bilateral Unilateral 


Technique Used 
as Reference* n 


Descending venography 96 


91 9 
Valsalva-Induced FVP 54 85 15 
Doppler 


*AVP RT indicates ambulatory venous pressure recovery time, and FVP, foot 
venous pressure. 





562 89 ti 





Table 4.—Descending Venography: Classification and Associated Hemodynamics* 





Hemodynamic data and stasis ulcer incidence for these two 
systems of classification are given in Table 4. There is little 
correlation between hemodynamic values and the distal ex- 
tent of reflux (Kistner classification). The other classification 
based onthe number of venous systems involved in reflux was 
somewhat better in this regard; as more systems become 
refluxive, hemodynamic abnormality and stasis ulcer inci- 
dence correspondingly increased. 


NUCLEOTIDE DESCENDING VENOGRAPHY 


Nucleetide descending venography was originally intro- 
duced by us in the hope that the isobaric medium would 
eliminate artifactual reflux from downward streaming sus- 
pected te occur with hyperbaric contrast. The sensitivity and 
specificity of nucleotide descending venography were poor as 
compared with contrast descending venography or Doppler 
examinazion (Table 1). Nucleotide descending venography 
has also een abandoned. i 


COMMENT 


As ye:, there is no single “perfect” technique to assess 
venous reflux. The venous Doppler examination is, indeed, a 
reliable screening tool, but is qualitative and highly subjec- 
tive. Even in experienced hands, reflux in closely proximate 
veins, sach as the short saphenous and popliteal, may be 
confusec with each other. Duplex scanners incorporating 
color-coded Doppler scans may solve most of these deficien- 
cies. A scientific evaluation of this exciting new technique as 
compared with older techniques is awaited. Photoplethysmo- 
graphy ñas become popular because of its simplicity and 
totally noninvasive nature. However, it is moderately sensi- 
tive compared with descending venography and has a high 
false-positive rate compared with almost all other techniques 
in use. 

Ambulatory venous pressure, even though considered the 
traditior-al “gold standard,” cannot by itself differentiate ob- 
struction from reflux or a combination of the two. In general, 
a correletion exists (Tables 2 and 4) between reflux hemody- 
namic disturbance and stasis changes in the skin. However, 
there is a wide range in these values and other factors, such as 
velocity of reflux, local tissue status, and variations in region- 
al and local venous congestion, as suggested by Melville Wil- 
liams, MD (oral communication, November 12, 1987), may be 
equally >ertinent. In an analysis detailed elsewhere," it was 














































































































Tindicates significant. 
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AVP Stasis 
re ™ Valsalva- Ulcer 
With Tourni induced Incidence, 
Classification PPG/s RT, s % Drop FVP % 
Venous system involved (n) 
Single level/single system 10.1 (25) 13.5 (20) 42.2 [1] (19) 3.4 [1] (14) 24 [1] 
Single level/multiple system 10.3 (56) 14.1 (47) 34.9 [2] (44) 6.4 [2] (42) 52 [2] 
Multiple level/multiple system 11.8 (105) 13.2 (85) 33.5 [3] (87) 6.3 [3] (7) 92 [3] 
[182], [183]t [1&2], [183]t [182], (1&3}t 
Kistner et al’ classification, 
grade (n) 
1 8.1 [1] (24) 13.4 (17) 36.0 (18) 5.9 (16) 14 
2 11.4 [2] (60) 14.1 (53) 38.0 (46) 6.2 (41) 4i 
3 11.5 [2] (60) 13.4 (54) 34.3 (50) 5.4 (39) 55 
4 11.4 [2] (30) 11.6 (21) 34.7 (21) 7.7 (19) 27 
P [182] NS NS NS 








*PPG indicates photoplethysmography; AVP, ambulatory venous pressure; and FVP, foot venous pressure. 
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shown that there was significant incidence of stasis ulceration 
even when postexercise pressures were below 50 mm Hg. Not 
surprisingly, the suecessful results of valve reconstruction 
have not correlated well with ambulatory venous pressure 
measurements postoperatively." 

Valsalva-induced foot venous pressure seems to correlate 
< well with symptoms:and seems to be especially sensitive to 

multivalvular venous:reflux, which is most commonly associ- 
ated with stasis ulceration.’ It has proved to be a more reliable 
tool than ambulatory venous pressure for assessing the out- 
come of valve reconstruction surgery. Even though consider- 
able overlap is present, Valsalva-induced foot venous pres- 
sure seems to define a population (both “normal” and 
“abnormal”) somewhat different from ambulatory venous 
pressure measurement, 

Descending venography has been practiced for some de- 
cades, but the technique has varied and has been subject to 
numerous artifactual and interpretational errors. Kistner et 
al’ have standardized the technique and emphasized that 
reflux is significant only if it is present with the patient 

performing Valsalva maneuver at a 60°-erect position. This 
~ point is amply underscored by our poor experience with the 
horizontal Valsalva technique for descending venography. 
The method described by Kistner et al seems to have elimi- 
nated most of the previous difficulties and is reliable if per- 
| formed as they described. It is, however, deficient in infrafe- 
: moral disease in the presence of a competent femoral valve, as 
the dye is introduced into the system above the femoral valve. 
. Thus, popliteal valve reflux below a functional femoral valve 
will be missed by this technique. Color-coded Doppler scan 
may be more precise in detecting such regional reflux. It 
remains to be seen whether the favorable expectations for 
_ this new modality are proved by the experience being gath- 
ered by many centers. 

Nucleotide descending venography was introduced by one 
of us (S.R.)" in the hope of avoiding some of the streaming 

© artifactual errors sometimes obtained with descending ve- 
nography. It was expected that the isobaric nature of the 
nucleotide medium would avoid this difficulty. Because of 
unacceptably low sensitivity, the technique has been 
abandoned. 

There is extensive literature on reflux venous insufficien- 
cy, some dating back to the early part of the century. Much of 
the case material invariably includes postthrombotic limbs 
with recanalization. Because reliable hemodynamic tech- 
niques to detect obstruction were not available, it seems 
highly likely the material consisted of a mixture of obstruc- 
tion, reflux, and a combination. The material presented here- 
in consists only of limbs with refluxive pathologic features. 

Examination of this material with multiple techniques, in- 
cluding liberal use of descending venography, allows the char- 
-acterization of venous reflux in general terms. This perspec- 
» tive is different from the traditional view in several significant 





aspects. The major points may be summarized as follows: 
venous reflux is predominantly bilateral and the major etio- 
logical mechanism is cryptogenic in origin. Postthrombotic 
reflux is probably not the predominant cause and likely repre- 
sents a minority of cases selected for pure reflux as outlined. 
Reflux overwhelmingly involves the deep system, which 
seems to be the basis for symptoms of pain, swelling, and 
ulceration. Combined superficial and deep reflux occurs in 
approximately one third of these patients (29% in this series), 
Isolated superficial (saphenous) venous reflux is distinctly 
uncommon, the incidence being less than 1% in this study. 
There seems to be a rough correlation between venous hyper- 
tension and stasis symptoms. There is a large SD, however, 
suggesting that factors other than venous hypertension play a 
part in the generation of symptoms. Patients with symptoms 
commonly have multiple valves at multiple levels involved in 
reflux (58% in this series). Even when reflux is confined to the 
thigh, stasis symptoms, including ulceration, can occur when 
multiple systems, ie, saphenous, superficial femoral, and pro- 
funda, become refluxive. The hemodynamic severity of reflux 
seems to correlate with the increasing number of venous 
systems that become refluxive. There is a high incidence 
(73%) of perforator incompetence in symptomatic limbs. Of 
these, 97% were of the secondary variety associated with 
deep valve reflux. Primary perforator incompetence could be 
identified in only 3% of these limbs. The presence of promi- 
nent calf varicosities noted on ascending venography usually 
accompanies the presence of deep valve reflux. 

The small incidence of pure superficial reflux (confined to 
the saphenous system only) as determined by descending 
venography in this series is in stark contrast to the much 
higher incidence generally reported in the literature utilizing 
the tourniquet method to differentiate superficial from deep 
reflux. In our laboratory, there was poor correlation between 
the two techniques. Significant false-positive and false-nega- 
tive results occurred when the tourniquet technique was 
compared with descending venography. This needs further 
clarification as this issue has important theoretical implica- 
tions regarding the etiology of superficial varicosities and its 
relationship to deep venous reflux. 

For screening purposes the venous Doppler examination 
(preferably Duplex scanner) seems to be superior to PPG. In 
symptomatic patients requiring therapy, pressure studies as 
outlined are indicated to assess hemodynamic severity and to 
rule out the presence of obstruction. All three of the described 
pressure studies (arm-foot venous pressure differential, am- 
bulatory venous pressure, Valsalva-induced foot venous 
pressure elevations) can be carried out at a single sitting using 
the same venipuncture in the foot. Until the utility of Duplex 
scanners becomes more fully established, descending venog- 
raphy (Kistner’s technique) remains the standard in assessing 
patients for valve reconstruction surgery. 
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Does Survival Depend on the Amount of 


Autotransplanted Splenic Tissue? 


M. H. Shokouh-Amiri, MD; S. Rahimi-Saber, MD; C. Palnaes Hansen, MD; 


P. Skov Olsen, MD, PhD; S. Lindkaedr Jensen, MD, PhD 


è Susceptibility to Streptococcus pneumoniae infection was 
studied in 11 groups of rats allocated to sham operation, splenec- 
tomy, or splenic autotransplantation of 10%, 20%, 30%, 40%, 
i 50%, 60%, 70%, 80%, or 90% of the removed spleen. Three 
months later, all rats were exposed intravenously to type 1 Strep- 
tococcus pneumoniae (median lethal dose, LD50, for control 


: K group). Survivors were killed 13 days after the bacterial chal- 


lenge. Autopsy showed that more splenic tissue was recovered 


-in rats that received less than 50% splenic tissue compared with 


those that received 50% or more. More survivors were found 
:: among sham-operated rats (47.5%; 95% confidence intervals, 32 
-to 68) and rats that had 40% splenic tissue implanted (35%; 
< confidence interval, 20 to 54) or those that were found to have 
regenerated 40% splenic tissue. We conclude that 40% of the 
spleen should be autotransplanted to protect the rat optimally 
against infection after splenectomy. 
(Arch Surg. 1990;125:1472-1474) 


t is well known that the normal spleen protects the organ- 


< Lism against infection and that splenectomy is associated 
<- with an increased incidence of postsplenectomy infections.” 


Therefore, the management of splenic trauma has changed 
toward splenic preservation techniques. However, if the 
_ spleen is completely shattered, preservation is very difficult, 
or most often, impossible and the spleen has to be removed. 
To avoid postsplenectomy infection, autotransplantation of 
the damaged splenic tissue has been recommended. ®™™ De- 
spite this, there is still controversy over how much splenic 
tissue is necessary to transplant to protect the organism 
optimally against bacterial infection. To shed further light on 
this interesting and important issue, the present study was 
undertaken in splenectomized rats submitted to a bacterial 
challenge 3 months after autotransplantation of various 
‘amounts of splenic tissue. 


MATERIALS AND METHODS 
Animals and Operative Procedures 


Male Wistar rats weighing 350 to 450 g were used. The rats were 
brought to the laboratory 1 week prior to operation in groups of 40. A 
total of 440 rats were used, They were fed with a standard rat food 
and free access to water. They ate no food for 12 hours before surgery 
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but had free access to water. The rats were anesthetized with intra- 
peritoneal sodium pentobarbital (6 mg per 100 g of body weight). 
Laparotomy was performed through a midline incision. The abdomen 
was carefully searched for the presence of any accessory splenic 
tissue. One of the following procedures was performed: (1) mobiliza- 
tion of tke spleen only (sham operation) (n = 40); (2) total splenectomy 
(n=40); (8) total splenectomy followed by autotransplantation in 
groups cf 40 rats of respectively 10%, 20%, 30%, 40%, 50%, 60%, 70%, 
80%, or 90% of the weight of the intact spleen. The spleen was 
removeeé and weighed (Mettler H 20 P, Metter-Tolido-AG, Greifen- 
see, Switzerland). The spleen was cut into thin slices of 1 mm thick- 
ness. Enough of the splenic tissue slices corresponding to the allo- 
cated percentage of each group were spread evenly over the omen- 
tum, which was wrapped over the implanted tissue, and the pouch 
was closed by 4-0 interrupted sutures. Splenic slices were spread 
over omentum rather far from each other in group 3, 4, 5, and 6, while 














Table 1 
Total 
Sham-operated Splenectomy 
No. ef rats submitted to bacterial 40 39 
challenge 
Median weight of autotranspianted 1045 0 
speenic tissue, mg (range) (945-1134) 
Survved, No. (%) 19 (47.5) 0 
Mea: survival time, h (range) 47.2 41.6 
(18-106) (12-73) 








Sham-operated 
No. əf rats submitted to bacterial challenge 40 
Mecian weight of splenic tissue found at 1106 























autopsy, mg (range) (1000-1270) 
Survived, No. (%) 19 (47.5) 
Mean survival time, h (range) 47.2 * 


(18-106) 
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the distance between tissue slices in the omental pouch decreased as 
more and more splenic tissue was placed in the omental pouch in 
groups 7,8. 9, 10, and.11. 

Three months after operation, a second laparotomy was performed 
and ‘1.7 10° colony forming units (CFUs) of type 1 Streptococcus 
pneumoniae were injeeted into the inferior vena cava. After the 
bacterial challenge, the rats were observed closely. Moribund rats 
> ‘were laparotomized uncer light anesthesia and the splenic remnants 
were removed and weighed. 

Thirteen days after the bacterial challenge, the surviving animals 
were subjected to a third laparotomy. The recovered splenic tissue 
was weighed. Dead animals were autopsied and the weight of surviv- 
ing splenic tissue was-recorded as well as any gross pathologic find- 
ings. All operations were performed under sterile conditions. 


Bacteriology 


Type 1 S pneumoniae of the same clinical isolate was used in all 
experiments. We found in.a pilot study that an inoculum of 1.7 x 10° 
(1.31 to 2.23 x 10°) CFUs was the median lethal dose, LD50, in a 
group of 30 healthy Wistar male rats weighing 350 to 450 g. For the 
preparation of the batches of inocula, the strain was cultured in Todd- 
Hewitt broth and on the following day, passed twice in fresh serum 
broth (one part of fetal calf serum and five parts of Todd-Hewitt 
broth). The following steps describes the standardization of the early 
logarithmic growth phase of the inoculum. The broth culture was 
centrifuged at 3000g for 15 minutes, the pellets suspended in fresh 
serum broth to an optical density of 0.30 at 540 nm (model 252 Corning 
Colorimeter, Corning Lid, Halstead, Essex, England) and measured 
with fresh serum broth as control, This tube was incubated in a water 
bath at 20°C for approximately 3 hours until an optical density of 0.62 
was reached. The fina! inoculum was prepared after appropriate 
dilution in fresh serum broth. Viable counts were determined by 
subsequent inoculation of 100-pL samples as a double trial on 5% 
blood agar plates. Since the virulence of pneumococci is closely re- 
lated to the presence of adequate polysaccharide in the capsule, each 
batch of inocula was ‘tested with type 1 pneumococeal antiserum 
(Neufeldt’s capsule swelling reaction). Separate samples of inocula 
for each animal were quickly prepared, using 1-mL aliquots contain- 
ing 1.7 x 10° CF Us frozen in acetone and dry ice and stored at — 80°C. 
Immediately before use, the tubes were rapidly thawed by holding in 
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the hand. No changes in viability were observed after storage for at 
least 6 months. A similar technique has been described by Alwmark 
etal. 


Statistical Analysis 


The Mann-Whitney U test was used to compare the different 
groups with regard to differences in splenic weights. The x’ test was 
used to compare the number of survivors in each treatment group. P 
values of less then .05 were considered significant. 


RESULTS 


The median weight of the spleen in all 440 rats was 1040 mg 
(range, 905 to 1235 mg) and it did not differ significantly from 
the median weights of the spleens in the different treatment 
groups. A positive correlation (r= .483) between the weights 
of implanted and recovered tissues was found. However, this 
correlation was lost when the weight of implanted tissue 
exceeded 50% of the weight of the intact spleen (r= .9182; 
P<.01). Table 1 shows the median weights of implanted 
splenic tissue in the different treatment groups and the num- 
ber of rats and survivors after the bacterial challenge in each 
group. The survival time for rats that failed the bacterial 
challenge is also demonstrated in Table 1. The number of 
survivors in the group implanted with 40% of the weight of the 
intact spleen was significantly greater than the number in any 
of the other treatment groups (P<.05 for all groups), whereas 
the difference was not statistically significant between the 
40% group and the sham-operated group (32.5% vs 47.5%). 

Table 2 shows the number of survivors related to the 
amount of splenic tissue found at autopsy. It should be noted 
that there were significantly more survivors in the group that 
had splenic tissues corresponding to 40% (about 400 mg) of the 
weight of intact spleen left at autopsy compared with all other 
groups (P<.05 for each group) except the sham-operated 
group (35% [CI, 20-54] vs 47.5% (CI, 32-68)). i: 

Autopsy revealed significantly more abscesses in the omen- 
tal pouches of rats receiving more than 50% splenic tissue 
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(10%) (20%) (30%) (40%) (50%) (60%) (70%) (80%) (90%) 
38 33 30 37 35 33 33 34 30 
111 217 285 433 501 609 731 826 918 
(92-116) (194-222) (280-305) (402-440) (493-508) (595-612) (711-740) (814-835) (900-923) 
0 1 (3) 5 (16.6) 12 (32.5) 3 (8.5) 4 (12) 1 (3) 1 (2.9) 0 
456 51.3 57.3 81.76 44.6 52.2 58 50 68.8 
(30-144) ` (20-65) (34-111) (5-240) (4-73) (24-100) (4-155) (20-81) (26-150) 
- *The rats were exposed to 1.7 x 10° colony forming units of type 1 Streptococcus pneumoniae intravenously and grouped according to the amount of the splenic 
tissue transplanted. 
Weight of Retained Splenic Tissue and the Result of Bacteria! Challenge* 
Amount of Retained Splenic Tissue After Autotransplantation 
(0%) (10%) (20%) (30%) (40%) (50%) (60%) (70%) (80%) (90%) 
60 64 58 51 38 31 15 11 14 9 
0 108 205 297 415 494 602 702 784 0 
(45-137) (152-245) (260-320) (252-440) (665-545) (550-625) (655-745) (765-798) 
Q 0 3 (5.3) 6 (11.7) 13 (35) 4 (13) 1 (6.6) 0 0 0 
crae 43.2 46.5 55 70.6 48.5 65 75 65 
| (12-155) (4-144) (5-160) (5-111) (20-240) (20-73) (24-155) (40-150) (33-150) 


3 *The rais were exposed to 1.7 x 10° colony forming units of type 1 Streptococcus pneumoniae intravenously and grouped according to the amount of the 
~tétained splenic tissue after autotransplantation. 
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compared with rats receiving less than 50% (13.8% [CI, 8 to 
21) vs 3.6% (CI, 1 to 8]; P<.05). 


COMMENT 


These results demonstrated that survival was significantly 
higher in rats transplanted with a splenic tissue correspond- 
ing to 40% of the weight of the intact spleen compared with 
other percentages of the weight of the intact spleen. It was 
also demonstrated that a positive correlation exists between 
weights of implanted and recovered tissues until the weight of 
the implanted splenic tissue exceeds the weight of the intact 
spleen by 50%. To overcome the threat of overwhelming 
postsplenectomy infection with its high mortality,” auto- 
transplantation of splenic tissue has been recommended since 
prophylactic polyvalent pneumococcal vaccination or long- 
term antibiotic treatment does not provide complete protec- 
tion against infection. Several important questions of interest 
concerning splenic autotransplantation are still unanswered 
despite the huge amount of experimental work on this subject 
from all over the world. For example, what amount of splenic 
tissue should be implanted to protect the organism optimally 
against postsplenectomy infection? Until now, definitive 
_ studies on this important question have been lacking. 
_ It has been claimed that the more splenic tissue that is 
_. transplanted, the more tissue will survive, and the greater 
~ will be the immunologic function.” If we define immunologic 
: function as the ability of an animal to survive a bacterial 
-` challenge after a splenectomy and the splenic autotransplan- 
tation, our study cannot support this claim. In contrast, we 
have demonstrated that increasing splenic mass does not 
-< yield proportionally improved immunologic function. Accord- 


ing to cur study, in which we were able to determine the 
minimun as well as the maximum amount of splenic tissue 
that provides optimal immunologic function, 40% of the 
weight ef the intact spleen gave the best result. A decrease or 
an increase in transplanted or surviving splenic tissue wors- 
ened the immunologic function significantly. 

Theoretically, the most important determining factors for 
optimal immunological function of the spleen are an intact 
circulat:on’* and a normal architecture. However, it is contro- 
versial whether the regenerated splenic tissue has an archi- 
tecture similar to the normal spleen. ®® It is also unknown 
whether the amount of implanted tissue is of importance for 
the histologic appearance of the regenerated tissue. In the- 
ory, it could be that approximately 40% of the weight of the 
intact spleen induces a regenerative process that results in an 
architecture similar to that of the normal spleen due to a 
better circulation establishment from the capillaries of the 
omentun. We are now undertaking histological examination 
of the present material, which may answer this question. 

The reasons for the better immunological function in ani- 
mals attotransplanted with 40% splenic tissue could be a 
better phagocytic function, a better ability to produce immu- 
noglobulins, and a better clearance of bacteria from the circu- 
lation. Similar studies have to be performed in higher verte- 
brates (closer to human) to find out the best possible method 
of giving the optimal regeneration of autotransplanted splenic 
tissue before embarking on clinical trials. 


We are grateful to J. Henrichsen, MD, PhD, of Statens Seruminstitut, 
Copenhagen for supplying the strains, and Ulla Steen Petersen and Inge Bente 
Madsen fcr technical and secretarial assistance. 
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AZACTAM® FOR INJECTION 
Aztreonam For injection 


DESCRIPTION—AZACTAM (aztreonam, Squibb) is the first member of a new class 
of antibiotics classified as monobactams. AZACTAM is a totally synthetic bacteri- 
cidal antibiotic with activity against a wide spectrum of gram-negative aerobic 
pathogens. The monobactams, having a unique monocyclic beta-lactam nucleus, 
are structurally different from other beta-lactam antibiotics. 

AZACTAM For Injection is a sterile, nonpyrogenic, sodium-free, white to 
yellowish-white lyophilized cake, containing approximately 780 mg arginine per 
gram of aztreonam for intramuscular or intravenous use following constitution. 
Aqueous solutions of the product have a pH in the range of 4.5-7.5. 


INDICATIONS AND USAGE—Before initiating treatment with AZACTAM, appropri- 
ate specimens should be obtained for isolation of the causative organism(s) and 
for determination of susceptibility to aztreonam. Treatment with AZACTAM may be 
started empirically before results of the susceptibility testing are available; sub- 
sequently, appropriate antibiotic therapy should be continued. 

AZACTAM For Injection is indicated for the treatment of the following infections 
caused by susceptible gram-negative microorganisms: Urinary Tract Infections 
(complicated and uncomplicated), including pyelonephritis and cystitis (initial 
and recurrent) caused by Escherichia coli, Klebsiella pneumoniae, Proteus mirabilis, 
Pseudomonas aeruginosa, Enterobacter cloacae, Klebsiella oxytoca*, Citrobacter 
species” and Serratia marcescens’. Lower Respiratory Tract Infections, includ- 
ing pneumonia and bronchitis caused by Escherichia coli, Klebsiella pneumoniae, 
Pseudomonas aeruginosa, Haemophilus influenzae, Proteus mirabilis, Enterobacter 
species and Serratia marcescens*. Septicemia caused by Escherichia coli, 
Klebsiella pneumoniae, Pseudomonas aeruginosa, Proteus mirabilis*, Serratia 
marcescens* and Enterobacter species. Skin and Skin-Structure Infections, 
including those associated with postoperative wounds, ulcers and burns caused 

-< by Escherichia coli, Proteus mirabilis, Serratia marcescens, Enterobacter species, 
Pseudomonas aeruginosa, Klebsiella pneumoniae, and Citrobacter species". Intra- 
abdominal infections, including peritonitis caused by Escherichia coli, Klebsiella 
species, including K. pneumoniae, Enterobacter species including E. cloacae’, 
Pseudomonas aeruginosa, Citrobacter species* including C. freundii* and Serratia 
species* including S. marcescens’. Gynecologic Infections, including endome- 
tritis and pelvic cellulitis caused by Escherichia coli, Klebsiella pneumoniae’, 
Enterobacter species" including E. cloacae*, and Proteus mirabilis". 

AZACTAM is indicated for adjunctive therapy to surgery in the management of 
infections caused by susceptible organisms, including abscesses, infections com- 
plicating hollow viscus perforations, cutaneous infections and infections of se- 
rous surfaces. AZACTAM is effective against most of the commonly encountered 
gram-negative aerobic pathogens seen in general surgery. 

Concurrent Therapy—Concurrent initial therapy with other antimicrobial agents 
and. AZACTAM is recommended before the causative organism(s) is known in 
seriously ill patients who are also at risk of having an infection due to gram- 
positive aerobic pathogens. If anaerobic organisms are also suspected, therapy 
should be initiated using an antianaerobic agent concurrently with AZACTAM. 
Certain antibiotics (e.g., cefoxitin, imipenem) may induce high levels of beta- 
lactamase in vitro in some gram-negative aerobes such as Enterobacter and Pseu- 
domonas species, resulting in antagonism to many beta-lactam antibiotics 
including aztreonam. These in vitro findings suggest that such beta-lactamase 
inducing antibiotics not be used concurrently with aztreonam. Following identifi- 
cation and susceptibility testing, appropriate antibiotic therapy should be 
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CONTRAINDICATION—Aztreonam is contraindicated in patients with known al- 

~ tergy to this antibiotic. 

WARNINGS —Careful inquiry should be made for a history of hypersensitivity re- 
action to any antibiotic or other drugs. Antibiotics should be given with caution to 
any patient who has had some form of allergy, particularly to drugs. It is 
recommended that patients who have had immediate hypersensitivity reactions 
{ẹ.g., anaphylactic or urticarial) to penicillins and/or cephalosporins should be 
followed. with special care. If an allergic reaction to aztreonam occurs, discon- 
tinue the drug and institute supportive treatment as appropriate (e.g., mainte- 
“nance of ventilation, pressor amines, antihistamines, corticosteroids). Serious 
hypersensitivity reactions may require epinephrine and other emergency 
measures, 

PRECAUTIONS—General: in patients with impaired hepatic or renal function, ap- 
propriate monitoring is recommended during therapy. If an aminoglycoside is 
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used concurrently with aztreonam, especially if high dosages of the former are 
used or if therapy is prolonged, renal function should be monitored because of 
the potentat nephrotoxicity and ototoxicity of aminoglycoside antibiotics. The 
use of antisiotics may promote the overgrowth of nonsusceptible organisms, in- 
cluding gram-positive organisms and fungi. Should superinfection occur during 
therapy, appropriate measures should be taken. 


Carcinogenesis, Mutagenesis, impairment of Fertility—Carcinogenicity studies 
in animals rave not been performed. Genetic toxicology studies performed in vivo 
and in vitre with aztreonam in several standard laboratory models revealed no 
evidence cf mutagenic potential at the chromosomal or gene level. Two-generation 
reproduction studies in rats at daily doses up to 20 times the maximum 
recommerded human dose, prior to and during gestation and lactation, revealed 
no evidence of impaired fertility. There was a slightly reduced survival rate during 
the lactaticn period in the offspring of rats that received the highest dosage, but 
not in offsering of rats that received five times the maximum recommended hu- 
man dose. 


Pregnancr—Pregnancy Category B: Aztreonam crosses the placenta and enters 
the fetal cisculation. Studies in pregnant rats and rabbits, with daily doses up to 15 
and 5 times, respectively, the maximum recommended human dose, revealed no 
evidence ef embryo- or fetotoxicity or teratogenicity. No drug induced changes 
were seenin any of the maternal, fetal or neonatal parameters that were monitored 
in rats receiving 15 times the maximum recommended human dose of aztreonam 
during late gestation and lactation. There are no adequate and well-controlled 
studies in sregnant women. Because animal reproduction studies are not always 
predictive of human response, aztreonam should be used during pregnancy only 
if clearly needed. 


Nursing Mothers—Aztreonam is excreted in breast milk in concentrations that 
are less than 1% of concentrations determined in simultaneously obtained mater- 
nal serum consideration should be given to temporary discontinuation of nursing 
and use o' formula feedings. 


Pediatric Sse—Safety and effectiveness have not been established in infants and 
children. 


ADVERSE REACTIONS —Local reactions such as phlebitis/thrombophlebitis fol- 
lowing IV edministration, and discomfort/swelling at the injection site following IM 
administretion occurred at rates of approximately 1.9% and 2.4%, respectively, Sys- 
temic reactions (considered to be related to therapy or of uncertain etiology) oc- 
curring at an incidence of 1 to 1.3% include diarrhea, nausea and/or vomiting, and 
rash. Reactions occurring at an incidence of less than 1% are listed within each 
body sys%em in order of decreasing severity: Hypersensitivity—anaphylaxis. 
Hematologic—pancytopenia, neutropenia, thrombocytopenia, anemia, leukocyto- 
sis, thrombocytosis. Gastrointestinal— abdominal cramps; rare cases of C, difficile- 
associated diarrhea, including pseudomembranous colitis, or gastrointestinal 
bleeding bave been reported. Dermatologic—purpura, erythema multiforme, urti- 
caria, exiciative dermatitis, petechiae, pruritus, diaphoresis. Cardiovascular—hypo- 
tension, transient ECG changes (ventricular bigeminy and PVC). Respiratory—one 
patient experienced flushing, chest pain, and dyspnea. Hepatobiliary—hepatitis, 
jaundice. Nervous System—seizure, confusion, vertigo, paresthesia, insomnia, diz- 
ziness. Musculoskeletai—muscular aches. Special Senses—tinnitus, diplopia, 
mouth ulcer, altered taste, numb tongue, sneezing and nasal congestion, halito- 
sis. Other—vaginal candidiasis, vaginitis, breast tenderness. Body as a Whole 
weakness, headache, fever, malaise. 


Adverse Laboratory Changes—Those reported without regard to drug relation- 
ship durieg clinical trials were: NHepatic—elevations of AST (SGOT), ALT (SGPT), 
and alkaline phosphatase; signs or symptoms of hepatobiliary dysfunction oc- 
curred in ‘ess than 1% of recipients (see above). Hemic—increases in prothrom- 
bin and aartial thromboplastin times, eosinophilia, positive Coombs test. 
Renal—increases in serum creatinine. 
OVERDOSAGE-—If necessary, aztreonam may be cleared from the serum by 
hemodialysis and/or peritoneal dialysis. 
DOSAGE AND ADMINISTRATION—Dosage adjustments are recommended for 
patients with impaired renal function. in elderly patients, estimates of creatinine 
clearance should be obtained and appropriate dosage modifications made if 
necessary. 
HOW SUPPLIED—AZACTAM For injection (Aztreonam For Injection)—L yophilized— 
is supplied in single-dose 15 mL viais containing 500 mg, or 1 g/vial; in single- 
dose 30 mL vials containing 2 g/vial; and in single-dose 100 mL intravenous 
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Consult package insert before prescribing AZACTAM (aztreonam). 
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Primary Malignant Peritoneal Mesothelioma 


A Report of Seven Cases and a Review of the Literature 


Juan A. Asensio, MD; Peter Goldblatt, MD; Neil R. Thomford, MD 


e Mesothelioma of the peritoneum is a rare malignant neo- 
-plasm easily mistaken by both surgeon and pathologist for one of 
the more common neoplasms of the abdomen. Review of our 
records from metropclitan-area hospitals for the past 15 years 
identified seven patients with primary peritoneal mesotheliomas. 
Their diagnosis, management, and survival is analyzed. We re- 
port a case of an extended survivor (7 years) and one of a long- 
term survivor (15 years), as well as what we believe to be the only 
case in ‘the literature presenting with a coexistent malignant 
neoplasm. Prevention of this commonly fatal neoplasm is linked 
to avoiding occupational exposure to asbestos; long-term sur- 
vival for a few patients may be achieved with correct identifica- 
tlon of the neoplasm and aggressive management. This report 
includes a review of the literature. 

(Arch Surg. 1990;125:1477-1481) 


M alignant mesothelioma of all primary sites is an uncom- 
mon neoplasm with only 2.2 cases per million per year 
reported in the United States.’ The recent unusual interest in 
the disease is the result of the identification of asbestos as a 
probable causative agent. Most mesotheliomas are of pleural 
origin. The Eastern Cooperative Oncology Group reported a 
total of 104 cases of which only 7 cases were primary peritone- 
al mesotheliomas.’ Mesotheliomas of the abdomen were first 
described in 1908 in a report by Miller and Wynn. ° This report 
“described 7 cases and documented the varied clinical presen- 
tation and course of these highly malignant tumors. 
Malignant mesotheliomas are diffuse tumors arising from 
the mesothelial cel.“ The surface linings of three serosal 
cavities (pleura, peritoneum, and pericardium) are the major 
sites of origin. Peritoneal mesotheliomas appear as hard, 
whitish nodules scattered over the peritoneal surfaces. These 
nodules later coalesce to form plaques or masses, extending 
into the surrounding tissues. Serosal spread to organs is 
common but there is limited invasion of the bowel and liver.” 
Metastases are usually to regional lymph nodes or possibly 
the thoracic cavity. 
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First classified by Whitwell and Rawcliffe,” malignant mẹ- 
sotheliomas are divided into three different subtypes: epithe- 
lial form, biphasic (mixed) form, and fibrous form. In the 
epithelial form, neoplastic cells may show various arrange- = 
ments. Papillary, tubular, tubulopapillary, or any combina». 
tion of these patterns may be present in a single case.” In the 
biphasic (mixed) form, neoplastic cells are of two types: me- 
senchymal and epithelial cells with intermediate transitional 
cells.“ Neoplastic cells in the fibrous form are spindle shaped 
in parallel arrangement and the neoplasm may be indistin- 
guishable from a fibrosarcoma on histologic examination 
alone. The large majority of the peritoneal mesotheliomas are ` 
either of the epithelial form (tubulopapillary) or the mixed ` 
form. They are rarely of the fibrous form, which is most often 
of pleural origin (Figs 1 and 2). 


PATIENTS AND METHODS 


The records of all patients with a diagnosis of mesothelioma admit- 
ted to hospitals within metropolitan Toledo, Ohio, during the 15-year ` 
period ending December 31, 1988, were reviewed. Patients with 


evidence of thoracic mesothelioma were excluded. Seven cases of i 


primary abdominal mesothelioma were identified and confirmed by 
study of histologic sections of specimens of each tumor. There were 
three men and four women ranging in age from 39 to 66 years. The 
mean age at the time of diagnosis for each sex was 57 years. 

Presenting symptoms included abdominal pain (six cases), abdomi- 
nal distention (five cases), nausea and vomiting (three cases), and 
diarrhea (four cases). Only one patient had prolonged exposure to 
asbestos. One patient had a medical history of coexisting malignant - 
neoplasm (transitional cell carcinoma of the bladder). Abnormal 
physical findings included ascites (five patients) and an abdominal 
mass (two patients). No patient had symptoms or signs of pulmonary 
diseases. The chest roentgenograms of all seven patients were inter- 
preted as normal. Results of common blood and urine studies did not 
show any consistent abnormalities. 

The diagnosis was established by laparotomy in six cases and by 
autopsy in one instance. In all seven patients, cytology of ascitic fluid 
obtained preoperatively, intraoperatively, or at postmortem exami- 
nation was diagnostic of mesothelioma. The types of mesothelioma 
were epithelial in six cases (tubulopapillary in one case, papillary in 
five cases) and biphasic mixed form in the remaining case. 

Five patients had biopsy or partial excision of the mesothelioma 
with subsequent administration of adjuvant chemotherapy. The che- 
motherapeutic regimens used included doxorubicin and cyclophos- 
phamide (three cases); doxorubicin alone (one case); doxorubicin, 
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dimethyl-triazenoimidazole carboximide, melphalan, and fluoroura- 
cil (one ease). Four of the five patients died within 1 year; the mean 
survival was 5 months. The fifth patient, treated with doxorubicin 
alone, survived 7 years after the diagnosis. Two years after the 
diagnosis was made, a peritoneojugular venous shunt was inserted to 
manage his ascites. Five years after the discovery of his mesothelio- 
ma, he underwent repair of bilateral inguinal hernias, at which time 
the hernia sacs removed from both inguinal areas revealed 
mesothelioma. 

The sixth patient had total excision of the mesothelioma with 
recurrence and reexcision 7 years later. She remains well 15 years 
after the initial diagnosis and 7 years after reexcision of the tumor. 
This patient did not receive chemotherapy after either operation. The 
mesothelioma of the seventh patient was not discovered until 
autopsy. 


REVIEW OF THE LITERATURE 


Malignant mesothelioma is a rare disease. Only 2.2 cases 
per million are reported per year in the United States.' Only 
20% to 40% of malignant mesotheliomas arise from the perito- 
neum,“ Most reports in the literature list a combined inci- 
dence of pleural and peritoneal mesothelioma. The State of 
New York Bureau of Environmental Epidemiology and Occu- 
pational Health” reported an incidence for peritoneal meso- 
theliomas of 0.9 per million population in a study of 285 
patients. Moertel’ reported the annual Canadian incidence of 
- peritoneal mesothelioma at 1 case per million population per 

year and has collected 169 cases from the literature. The 
tumor is very rare in children.’ A recent combined review 
from the universities of Chicago and Minnesota reported only 
41 cases in patients below the age of 16 years.” 
Epidemiological studies link occurrence of mesotheliomas 
-with environmental factors and carcinogens. The association 
between mesotheliomas and asbestos exposure was first re- 
ported by Wagner et al” in 1960. In the majority of the cases 
reported in the literature, there is a clear history of exposure 
of the patient or close relatives to asbestos, or the patient has 
lived in close proximity to areas of intense asbestos usage. 
The causative link to asbestos is not as well established in 
children. 7°68323215.16-26 
< There is a male predominance in both the adult and the 
; pediatric population, suggesting modulating etiologic factors 
other than occupational exposure. The median age at the time 
- of diagnosis is 54 years. The age range in which the tumor has 
been reported is 2 to 92 years; however, 63% of the cases 
occurred between ages 45 and 64 years. * 

The clinical presentation is usually nonspecific. There is a 
relatively short interval of significant symptoms. The most 
frequent initial symptom is nonspecific abdominal pain, which 
~is often epigastric or in the right upper quadrant. Other 
symptoms include signs of bowel obstruction, such as cramps, 
nausea and vomiting, malaise, fever, abdominal enlargement, 
~: occasional dyspnea, anorexia, marked weight loss, and diar- 
~ rhea. Ascites is the most common physical sign, occurring in 
- 90% of the patients. Other common findings are the presence 
of an abdominal, extrarectal, or pelvic mass; anemia; and 
hypoglycemia. 

Primary malignant abdominal mesotheliomas have been 
reported in a variety of anatomical locations, resulting in 
~ some rather unusual clinical presentations. They have been 
described in the tunica vaginalis hernia sacs™™ and in the 
: tunica vaginalis propria testis (spermatic cord hydroceles).”* 
_ They have presented as pelvic and adnexal masses simulating 
: gynecologic tumors, ““ as an umbilical tumor“ or retroperito- 

neal tumors,“ and as isolated lesions of the small intestine.” 
They also have been reported to occur simultaneously in both 
pleural and peritoneal locations. "7S" 

Unusual clinical presentations include cases presenting as 


* References 5, 6, 8, 9, 13, 19-21, 23, 25-30. 
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an acute surgical abdomen,” a partial small-bowel obstruc- 
tion,” and with symptoms suggesting acute testicular tor- 
sion.” Cther presentations have included diffuse abdominal 
ossification,” and diffuse liposclerotic mesenteritis.” They 
have been reported in a male pseudohermaphrodite with 
asymmetrical gonadal dysgenesis" and in association with 
hypoglyzemia.”"” Finally, there are isolated reports of me- 
sotheliomas developing after the administration of radiation 
therapy for seminoma of the testis,” carcinoma of the cervix,” 
and after the administration of thorium dioxide 
(Thorotrast).* 

Peritaneal mesotheliomas have been reported to secrete a 
variety cf ectopic hormones including antidiuretic hormone,” 
growth hormone,” corticotropin,” and insulinlike sub- 
stances. * They have been associated with thrombocytosis,”* 
polyclonal hyperimmunoglobulinemia,” and increased pro- 
duction cf fibrin degradation products.” 

In a large autopsy series, it was determined that local 
invasion and metastases were common and that peritoneal 
mesotheiomas were more likely to spread than tumors of 
other histogenesis showing comparable serous membrane 
involvement.” In that series of 28 cases, local invasion of the 
gastrointestinal tract occurred in 22 cases (extending to the 
submucosa and mucosa in 9 eases); the abdominal wall (6 
cases); the liver parenchyma, diaphragm, and retroperiton- 
eum (5 cases each); and the bladder and pancreas (2 cases 
each). Metastasis occurred to lymph nodes, viscera, and both 
viscera and lymph nodes (6 cases each). Other organs involved 
by metastases included the liver (8 cases), lung (5 cases), 
pleura (G cases), pericardium (2 cases), and the heart and 
adrenal giands (1 case each). 

The dizgnosis of primary malignant abdominal mesothelio- 
ma is difficult because it is an uncommon disease and the 
symptoms and clinical presentation are so varied and nonspe- 
cific. A high index of suspicion coupled with a positive history 
of asbestcs exposure may suggest the diagnosis. 

In the past, most diagnoses were made at autopsy”; howev- 
er, due to the increase in physician awareness, diagnoses are 
now being made ante mortem with an increasing frequen- 
ey." =% No test other than biopsy and histologic study is 
specific for the diagnosis. 

Although no specific roentgenographic findings are associ- 
ated with peritoneal mesotheliomas, ascites is common, and 
peritonea. mesotheliomas have been reported presenting as 
strictures in the transverse colon and the proximal small 
bowel” and with small-bowel obstruction.” Roentgenological 
findings that should raise the question of peritoneal mesothe- 
lioma in patients with an industrial history of asbestos expo- 
sure include the following™: (1) evidence of small- or large- 
bowel obstruction with or without ascites; (2) soft-tissue 
masses causing displacement of intra-abdominal structures; 
and (3) coatrast studies showing a diffuse extrinsic indenta- 
tion of zhe bowel with submucosal infiltration and 
encapsulation. 

A recert study investigating the computed tomographic 
scan appezrance of histologically proved malignant abdominal 
mesotheliemas concluded that the findings of diffuse mesen- 
teric and peritoneal involvement and ascites should suggest 
the diagncsis.” This study further concluded that computed 
tomograpky may be useful in identifying promising biopsy 
sites and in monitoring the response to therapy.” Angio- 
graphic stadies of peritoneal mesotheliomas show mildly or 
moderately hypervascular lesions without arteriovenous 
shunting or arterial encasement, and are predominantly fed 
by right and left gastroepiploic arteries.” 

Two stulies”” describe the ultrasonographic findings of 
malignant peritoneal mesotheliomas that include abnormal 
echogenic tumor patterns within the distribution of the omen- 
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showed a mixed pattern of growth with predominantly spindle cell 
growth in other areas (see Fig 2) (hemnatoxylin-eosin, original magnifi- 
cation x 100). 


tum as well as sheetlike peritoneal masses with some localized 
irregularities. Early detection of ascites by ultrasonography 
may allow earlier delineation of the tumor.” 

Cytological examination of peritoneal fluid may yield the 
diagnosis of this tumor and may even classify the tumor," 
especially if both light microscopy and electron microscopy 
are employed."*" However, a high false-positive and false- 
negative rate has also seen reported using this method.” 
Since normal mesothelial cells are commonly present in long- 
standing effusions, it may be difficult to establish whether 
they are benign or malignant on cytologic examination alone. 
When malignant cells are unequivocally present, an adeno- 
carcinoma must be considered as the most likely primary cell 
type. Immunocytochemistry and electron microscopy may be 
of help in establishing the diagnosis unequivocally. Needle 
biopsy may yield the diagnosis of this tumor, although a 
greater quantity of tissue is preferred by pathologists for the 
establishment of the diaznosis.”* 

The surgical techniques available for definitive diagnosis of 
peritoneal mesothelioma include laparoscopy and laparoto- 
my. Laparoscopy was first reported as a diagnostic tool in 
1974.” It has been suggested as having a place in the early 
diagnosis of the disease if the index of suspicion is high." 
Laparoscopic findings reveal innumerable nodules that stud 
the parietal peritoneum and their abdominal structures. The 
parietal peritoneal surfaces, rather than being inflamed, are 
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Fig 2.— Spindle cell area of growth of peritoneal mesothelium with 
mixed pattern of growth (hematoxylin-eosin, original magnification 


x 125), 


densely coated with tumor nodules and plaques. In some 
cases, adherent bowel loops and adhesions are present.“ Most 
diagnoses are either made or confirmed at laparotomy. 

Laboratory studies may suggest the diagnosis. Malignant 
mesothelioma cells can produce hyaluronic acid; although this 
chemical may also be produced by other cell types, exclusion 
of intracellular mucin with a periodic acid-Schiff stain usually 
rules out earcinomas.*” Both histochemical and biochemical 
quantification of high levels of hyaluronic acid in effusions are 
highly suggestive of the disease.’ In immunopathologic stud- 
ies, malignant cell populations have been positively identified 
by antimesothelial cell sera raised from cells cultured in se- 
rous effusions.” A new marker consisting of an antibody 
raised against a protein isolated from the cytoplasm of meso- 
thelioma cells and used in immunofluorescence and immuno- 
peroxidase procedures has consistently identified both be- 
nign and malignant mesothelioma cells histologically and 
cytologicaily. However, this marker has not been widely 
tested nor is it readily available for routine use.” These 
techniques promise to prove useful for the future establish- 
ment of an.antemortem diagnosis. 

A multicisciplinary approach to the treatment of peritoneal 
mesothelicma combines surgery, chemotherapy, and radia- 
tion therapy. The role of surgery is often limited by the 
advanced stage of the disease, which precludes any curative 
resection. Thus, operation in most instances includes only 
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establishing a tissue diagnosis and performing palliative pro- 
cedures as indicated. Examples of these procedures include 
bypassing obstructing lesions or debulking of the tumor.* 

Multiple chemotherapeutic regimens have been reported, 
each having met with various degrees of success. There are a 
few reports of long-term survivors. “=*= The following is a 
list of the various agents and combinations of agents that have 
been used: 

1. dactinomycin, vincristine sulfate, cyclophosphamide 
sodium” 

2. doxorubicin hydrochloride, cyclophosphamide, vincris- 
tine 

3. cyclophosphamide, vincristine, methotrexate sodium, 
and 5-fluorouracil sodium hydroxide“ 

4. doxorubicin, dimethy]-triazenoimidazole 
carboximide”™ 

5. cyclophosphamide, vincristine“ 

6. bleomycin sulfate, vinblastine sulfate“ 

7. fluorouracil, methyl 1-(2-chlorethyl)3-cyclohexyl-1-ni- 
trosourea (CCNU)* 

8. mitomycin C™ 

9. hydroxyurea™ 

10. cisplatin“ 

11. dactinomycin™ 

12, fluorouracil with thymidine rescue“ 

13. doxorubicin, cisplatin® 

The consensus is that chemotherapy appears to be moder- 
ately effective in the treatment. of mesotheliomas*™ and that 

-doxorubicin alone or in combination with other antineoplastic 
agents achieves the best response.” It is interesting to note 
that all of the chemotherapeutic combinations of single agents 
have been used for both peritoneal and pleural mesothelio- 
mas. Intracavitary instillation of “P (radioactive phospho- 
rus), gold,” or cytarabine” has also been reported, again 
with limited success and an occasional account of a long-term 
survivor. 

Radiation therapy usually has been used in combination 
with intracavitary instillation of various agents® or in combi- 
nation with chemotherapy.””*“* An increasing number of 
articles report combining both modalities with the hopes of 
achieving a better success. 

The peritoneal variety of malignant mesothelioma follows a 
more virulent course than those of pleural origin with pro- 
gressive gastrointestinal tract obstruction and debility. 
Death usually occurs within 1 year after the diagnosis.* Re- 
grettably, there has been little change in the poor prognosis 
and the low median survival rate originally reported by 
Moertel.* 

Oceasional exceptions to the rule have been reported. Ro- 
goff et al” described two patients treated with radiation 
therapy and intracavitary instillation of "P who survived 
more than 10 years. Karakousis et al” reported a case of 
complete clinical regression of a peritoneal mesothelioma for 3 
years, and Brenner et al” reported a 17-year survival in a 
patient treated with radiation therapy, intracavitary “P, and 
cyclophosphamide.” This patient is the longest survivor in the 
‘literature. 

‘The prognosis for peritoneal mesotheliomas in children 
appears to be the same as that in adults. Of the 41 cases 
recorded in the literature, 40 died of the disease within 2 
weeks to 21 months.” Exceptions include the report of Kauf- 
man and Stout" of a child who survived 6 years after 
operation. 

COMMENT 

Primary peritoneal mesotheliomas are very rare. In the 

majority of the pleural cases reported in the literature, a 


* References 8, 9, 13, 19-21, 28, 29, 43, 46. 
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causal link can usually be established to asbestos exposure in 
the patients working or living environment. In our series, 
this link could only be established for one of the seven patients 
reported. No asbestos exposure could be documented for the 
other six cases. 

The clinical presentation of all of the cases in this series was 
fairly nonspecific. Their delay in diagnosis after a short symp- 
tomatic period, diagnostic workup, and surgical and chemo- 
therapeutic management are not at variance with the reports 
in the literature. We do report an unusual case with a coexis- 
tent malignancy —transitional cell carcinoma of the bladder. 

We report long-term survivors of 7 and 15 years. The 7- 
year survivor received chemotherapy and had his ascites 
controlled with a peritoneal-jugular venous shunt that was 
functional until his death, thus suggesting that this method 
can be used successfully in the management of malignant 
ascites from malignant peritoneal mesotheliomas. The 15- 
year survivor is still alive at the time of this writing. She has 
not received chemotherapy and is currently being followed up 
closely. No unusual factors leading to the long-term survival 
of this patient could be identified. 
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e. Occlusion of the supraceliac abdominal aorta and hepatic 
: Vascular isolation were employed in a series of 15 patients as a 
¿definitive method to allow avascular hepatic resection. The se- 
© ries was compared with an earlier group of patients treated 
conventionally. in the avascular hepatic resection group there 
was no mortality; hypotension did not occur at the time of hepatic 
vascular isolation; rapid, accurate excision of the hepatic lesions 
could be achieved in a bloodless field; resection of midline le- 
sions and those involving the great veins was possible; and 
“segmentectomles,” or resections crossing segmental bound- 
aries, could be performed where previously formal hepatic lobec- 
` tomies were required. Concomitantly, the greatest amount of 
“uninvolved hepatic parenchyma remained in situ. There was 
‘Increased ease of operative management, reduced blood loss, 
and reduced operating time (mean, 2.8 hours). 
(Arch Surg. 1990;125:1482-1485) 


Dew the development of refined surgical techniques 
based on the segmental anatomy of the liver,' blood loss 
remains a significant threat during hepatic resection. As a 
means to reduce blood loss, several surgical groups** have 
used a technique prior to resection that isolates the liver from 
the circulation by occlusion of the inferior vena cava (IVC) 
above and below the liver and of the hepatic artery and portal 
vein in the liver hilus. Hepatic vascular isolation (HVI) was 
researched originally by Heaney et al’ in a canine model. They 
included occlusion of the abdominal aorta as a part of their 
‘procedure and described three clinical cases. Since then, 
others using HVI for hepatic resection have either avoided 
aortic occlusion entirely**; employed it infrequently, usually 
only in urgent or special cireumstances**; or studied HVI 
with and without its application.’ We could find no report of a 
series of patients requiring liver resection in which aortic 
occlusion was combined with HVI as a definitive procedure in 
all patients prior to hepatic resection. Herein, we describe 
such a series involving 15 patients. To evaluate the method, 
we compared the features of the operations and outcomes in 
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these patients with those of 10 patients treated in the period 
before this series began by conventional hepatic resection. 


PATIENTS AND METHODS 


The patients in the avascular hepatic resection group (AHRG) 
were corsecutive patients who underwent operation for presumed or 
proved hepatic malignancy after formal assessment between Febru- 
ary 1988.and July 1989. The patients in the conventional group (CG) 
were alse consecutive patients selected for hepatic resection between 
June 1985 and December 1987. No patients in either group had 
established cirrhosis. 

In bota groups, preoperative assessment included complete blood 
cell court, coagulation tests, liver function tests, and a full serum 
biochem:cal profile. Abdominal computed tomographic scanning and 
selective celiac and mesenteric arteriography with late-phase portal 
venography were performed in all patients. Some patients were 
investigeted by IVC phlebography. All patients with malignant le- 
sions hac bone seans performed. 

In the AHRG, patients with lesions confined to the liver were 
accepted for liver resection when it was thought that the lesions could 
be removed without compromising irretrievably the blood vessels of 
supply and drainage or the biliary system of the liver remnant. In the 
CG, patients were selected for resection when the lesions could be 
removed by hemihepatectomy or, in one case, by anatomical 
“segmenzectomy.” 

In both groups, the abdomen was explored through a bilateral 
subcosta: incision with a median vertical incision extending over the 
xiphisternum. In the AHRG, the liver was mobilized by dividing the 
falciform, right triangular, coronary, and left triangular ligaments, 
and the gastrohepatic omentum. The infrahepatic IVC was encircled 
above the renal veins below the right adrenal vein. The supraceliac 
abdominal aorta was approached through the crura of the diaphragm. 
Vascular-clamps were applied to the aorta and infrahepatie IVC, and 
a soft-bowel clamp was applied to the portal triad in the free edge of 
the lesser omentum. The suprahepatic IVC was occluded with a 
vascular clamp. Hepatic resection was then undertaken with a scal- 
pel, the lines of excision being at least 2 cm clear of the lesions 
wheneve possible. If significant hypertension (systolic blood pres- 
sure +10 mm Hg) developed during the period of aortic clamping 
and hepatic resection, it was corrected by brief and partial release of 
the aortis clamp followed by its reapplication. After removal of the 
resected specimen, the transected blood vessels and bile ducts on the 
cut surfeces of the liver were oversewn or repaired with vascular 
sutures. The infrahepatic IVC clamp was released briefly and inter- 
mittently, and bleeding sites on the cut surfaces were secured, The 
infrahepatic IVC, suprahepatic IVC, and portal triad clamps were 
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Table t.—Types of Lesions Resulting in Hepatic Resection 


No. of Patients 












r 




































































Hepatic Lesions Avascular Hepatic Conventional 
Requiring Resection Resection Group Group 
Metastafic malignancy 
Primary site 
Colon 6 1 
Stomach 1 0 
Cholangiocarcinoma 3 3 
Hepatocellular carcinoma 1 2 
Other malignant tumers 
Sarcoma 2 1 
Squamous cell carcinoma 1 0 
Carcnoid 0 1 
Benigrr lesions 
Multiple adenomas 0 1 
Carati’s disease 









Focal-nodular hyperplasia 









removec. The aortic damp was then gradually released, the rate of 
release being determined by the degree of hypotension that occurred 

“at this time. Bolus administration of 100- to 200-mL quantities of 
intravenous fluids was also employed to prevent or con:rol hypoten- 
sion. After final arterial release, the cut hepatic surfaces were again 
inspected for bleeding points, which were secured. 

Patients in the CG had hepatic resection performed after formal 
hilar dissection with appropriate arterial, venous, and biliary 
ligation. 

During the operations, arterial blood pressure was monitored con- 
tinuously by means of an arterial cannula, as was central venous 
pressure via a venous cannula. All patients in the CG had Swan-Ganz 
catheters placed for continuous monitoring of pulmenary wedged 
venous pressure. In the AHRG, only the first four patients had Swan- 
Ganz catheters placed. Blood samples taken before and after hepatic 
resections were analyzed for pH levels, blood gas partial pressures, 
and coagulation and biochemical factors. 


RESULTS 


In the AHRG, there were 5 men and 10 women aged 25 to 68 
years (mean + SD; 58.4 + 11.6 years). In the CG, there were 6 
men end 4 womenaged 35 to 63 years (mean, 55.4+9.8 years). 
The types of lesions causing the need for hepatic resection in 
both groups are shown in Table 1. It can be seen that 14 of 15 
patients in the AERG had malignant lesions as did 8 of 10 

‘patients in the CG. 

Details concerning the type of operation including the por- 
tions of the liver removed in the segmentectomies are shown 
in Table 2. The segments referred to are according to the 
classification of Couinaud.* While one (10%) patient in the CG 
was treated by segmentectomy, nine (60%) patients in the 
AHRG were so treated. In the AHRG, five tumors involved 
segment IV. In none of these was a classic trisegmentectomy’ 
performed. In all patients, either the upper or lower half of 
segment IV remained in situ after resection of the lesions 
contained within cther segments and a portion of segment IV. 
In one of these patients, the cancer involved the IVC and the 
right and left hepatic veins. After removal of the lesion con- 
tained in the right segments and upper part of segment IV, 
both the IVC and left hepatic vein required reconstruction. 
The IVC was also involved in a solely right-sided malignancy, 
anc again part of the IVC wall was removed with the lesior: 
anc the IVC defect repaired. There were three patients with 
hilar tumors in the AHRG and one in the CG. In all patients, 
the cancers involved the lobar portal veins and bile ducts. 
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Table 2.—Details of Operations 


Avascular Hepatic Conventional 
Resection Group Group 





Variable 


Type of operation, No. of 
patients 






















































































Hemihepatectomy 5 9 
Hemihepatectomy with 
segment IV (part) 1 0 
Segmentectomy 9 1 
Segments VII, Vili 4 oo 
i it, VIH 1 8 
Vill, IV (part) 1 Oo 
V VI, IV (part) 2 2 a 
Vil, Vill, IV (part) 1 0 
Aortic clamp time, min 6-38 (mean + SD, 
19.5+7) 
Blood loss, mean + SD mL* 
All operations 1720 + 800 3940 = 4600 
Hemihepatectomies 1650 + 773 3920 + 1597 













Duration of operations, 





















Mean + SDt 2h50 mine 35min 3h 55 min+35 min 
Time in hospital following 

operations, d 7S261 20.44141 
Time since operation, mo 9+6 36+11 
*P<05. 
tP<.001. 


After appropriate hepatectomy, all patients required repair 
of two or three second-order bile ducts following division of 
branches of the left or right hepatic bile ducts. In two cases, it 
proved impossible to ensure a 2-cm clearance of the lesions 
during resection, once with a tumor subsequently recognized 
as a secondary liposarcoma that had an intrathoracic exten- 
sion, and once when it became apparent that a primary he- 
mangiosarcomatous lesion was multifocal in nature and com- 
plete clearance could not be achieved. 

Other details of the operations are also shown in Table 2. In 
the AHRG, the time required for hepatic resection and hemo- 
stasis was the same as the aortic clamp time (mean+SD, 
19.5+7 minutes). Blood loss was significantly less in the 
AHRG (P<.05) both for all operations and when only those 
patients treated by hemihepatectomy were considered. The 
mean duration of operations in the AHRG was 2 hours 50 
minutes, which was significantly less than in the CG 
(P<.001). i 

All patients in the AHRG developed hypertension follow- 
ing application of the aortic clamp. In 12 patients, this was 
mild and required no intervention, but in 3; when systolic 
blood pressures in excess of 180 mm Hg persisted, control was 
easily achieved by monitored partial release and reapplication 
of the aortic clamp. Similarly, all patients in the AHRG 
showed a tendency to develop hypotension at the time of 
unclamping the aorta, but this was controlled by gradual 
release of the aortic clamp and bolus intravenous fluid 
administration. 

Results from liver function tests performed before and 
after the operation are shown in Table 3. The mean preoper- 
ative test results were largely comparable between the 
groups, although the serum y-glutamy! transferase, serum 
alanine leucine transferase, and serum bilirubin levels were 
all slightly higher in the AHRG. On the first day after opera- 
tion, the serum albumin, serum alkaline phosphatase, and 
serum glutamyl transferase levels had all fallen in both groups 
but without significant difference between the two groups. 
The serum bilirubin level increased in both groups, the in- 
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Table 3.—Liver and Renal Function Test Results* 


Preoperative 





= 


Test AHRG 





Postoperative Day 1 Postoperative Day 3 





AHRG cG 





Prothrombin index, % 99+1 








3922 = 9323 





Serum albumin, g/L 39.5+1.5 


3C5+1 33.52 1.5 





Serum alkaline phosphatase, U/L. 158+30 


$7413 84211 126+ 16 132 +34 





Serum y-glutamy! transferase, U/L 122 +47 








Serum alanine leucine transferase, U/L 85 +30 
Serum bilirubin, pmol/L. 31412 





€4+19 3647 68+15 45+6 
4(4+92 284+73 328 + 92 151435 
+10 65+1 41+10 














Serum creatinine, pmol/L 7547 





TI+8 77+6 68 +7 


*Data are expressed as the mean + SEM. AHRG indicates avascular hepatic resection grou»; CG, conventional group. 


No. of Patients 





Conventional 
Group 


Avascular Hepatic 


Variable Resection Group 





Death 

Primary hemorrhage 

Fluid collections requiring 
Operation 
Percutaneous drainage 

Biliary fistula 














Malignancy 
Late deaths 


Alive with known disease 


` crease being more substantial in the CG. All test levels were 
either stable or returning to normal by the third postopera- 
tive day. Regarding renal function, the preoperative and 
postoperative serum creatinine levels are shown in Table 3. 
No patient had renal failure at the time of operation, and there 
was no significant change in renal function in either group 


_ following operation. There were no significant variations in 
acid-base balance or in the coagulation or biochemical studies 
_ performed before and after hepatic resection in any patient in 


either group. 
-< Operative mortality and complications are shown in Table 
4. The only death that occurred was in the CG, where one 
= patient died of hepatic failure following hemihepatectomy for 
a cholangiocarcinoma. The patients (one in each group) with 
primary hemorrhage required reoperation, as did one patient 
in the AHRG to evacuate a hematoma. The occurrence of 
© malignancy in survivors recorded in Table 4 is documented for 
completeness and is not meant to be comparative, as the mean 
time since operation in the AHRG is 9 months, whereas the 
CG it is 36 months. 


COMMENT 


Use of the method described herein to allow avascular 
hepatic resection (AHR) was a direct extension of the stan- 
“dard methods for HVI, which are used during recipient 
- hepatectomy prior to liver transplantation. To these was 
added aortic occlusion. Thus, our technique was virtually 
identical to that described by Heaney et al,” although we 
"found it convenient to encircle the suprahepatic IVC below 
the diaphragm in all cases rather than within the pericardium 
as suggested by Heaney et al for adult patients. Inferior vena 
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cava occlusion below the diaphragm has the benefit of exclu- 
sion of the diaphragmatic veins from the isolated part of the 
IVC eitaer because the upper clamp is below their point of 
entry or because they are included in the upper clamp. The 
only trisutaries of the isolated segment of the IVC that 
remain uncontrolled with this method are the right adrenal 
vein anc variable lumbar veins. Flow through these veins 
must be greatly reduced because of the supraceliac aortic 
clamp, az the parenchymal resections following vascular iso- 
lation were virtually free of blood loss. We believe that the 
avascular nature of the resections accounted for the signifi- 
cantly reduced blood loss in the AHRG compared with the CG 
and allowed rapid hepatic resection and suture of divided 
blood vessels and bile ducts, which contributed to a signifi- 
cantly deereased overall operation time. 

We consider that occlusion of the aorta during the period of 
hepatic resection and hemostasis is a critical factor in the 
success of applying HVI to liver resections. Without it, there 
is engorgement of the intestines and lower half of the body 
during the period of portal and caval interruption and this, 
together with reduction of venous return to the heart, predis- 
poses to hypotension. Because of this, other studies*”’ using 
HVI without aortic occlusion have emphasized the need for 
blood volume expansion and careful monitoring during the 
period of vascular isolation to control hypotension. Indeed, 
Bismuth et al’ and Delva et al’ advise trial clamping of the IVC 
and portal triad before proceeding to resection; if this results 
in severe hypotension, Bismuth et al recommend that resec- 
tion with HVI should not be undertaken, while Delva et al use 
this as an irdication for the addition of aortic occlusion to HVI. 
Furthermore, HVI without aortic occlusion is only partially 
successful in controlling hemorrhage, as moderate blood loss 
often contixues during hepatic resections** because of retro- 
grade flow -nto the liver from the uncontrolled tributaries of 
the isolated IVC. This appears to result in a somewhat pro- 
longed vascular isolation and resection interval and to con- 
tribute to tke overall length of the procedure. For example, 
Bismuth et al reported that the mean + SD vascular isolation 
interval, blcod transfusion requirement, and operating time 
were 46.5+5 minutes, 4.5+1.0 U of blood, and 5.8+0.8 
hours, respectively. The comparative figures in this report 
for the AHRG are 19.5+7 minutes, 3.44 + 1.6 U of blood, and 
2.8+ 0.6 hours, respectively. 

Our conviction of the importance of aortic occlusion in 
association with HVI for hepatic resection appears to be at 
variance with the view of Delva et al’ who believe that aortic 
occlusion is not necessary for this purpose. Delva et al de- 
seribed the fkemodynamic and biochemical changes that oc- 
curred during major liver resection for massive liver tumors 
with HVI—vith and without aortic occlusion. Their conclu- 
sion was reached on the grounds of good hemodynamic toler- 
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ance of HVI without aortic occlusion if accurate fluid volume 
loading had been achieved before HVI. However, they dem- 
onstrated that the hemodynamic and biochemical changes 
during hepatic resectien were somewhat less in the presence 
of aortic clamping, as was the requirement for blood transfu- 
sion (mean, 2250 mL vs 5050 mL). Delva et al apparently 
considered that these benefits were outweighed by an inci- 
dence of unexplained transient ventricular arrhythmias in the 
aortic occlusion group together with the difficulty of aortic 
exposure if the left Icbe of the liver is enlarged. We saw none 
of the former complications, and the latter difficulty may have 
reflected the massive nature of the liver tumors in their 
patients, as we werealways able to use the standard expedi- 
tious approach to the supraceliac abdominal aorta via the 
diaphragmatic crura.o that a vascular clamp could be applied 
without formai disseeticn. We concede that aortic occlusion is 
not necessary for resection with HVI, as has been demon- 
strated by all the groups using HVI; however, we believe that 
the improved hemodynamic and biochemical variables de- 
fined by Delva et al, together with the substantial practical 
benefits and absence of adverse effects detailed herein, com- 
prehensively justify the requirement of aortic exposure and 
control as a part of the AHR method. 

Potential disadvantages of adding aortic occlusion to HVI 
include any consequences of the hypertension that occurs at 
the time of aortic ocelusion, of hypotension or acidemia at the 
time of release of the acrtic clamp, and of ischemic damage to 
the organs and tissues below the level of the diaphragm 
during the period of aortic, portal, and IVC interruption. The 
potential disadvantages, however, did not eventuate. Mild 
hypertension develcped during the resectional interval in all 
patients but required'treatment in only 20%, which was readi- 
ly achieved by brief release and reapplication of the aortic 
clamp. Because of absence of hypotension during HVI, blood 
volume expansion was not necessary. The trend toward de- 
velopment of hypotension at the time of release of the aortic 
clamp following reseetion was easily counteracted by gradual 
aortic release and balus intravenous fluid administration. As 
might be expected because of the relatively short aortic occlu- 
sion times, there were no changes that could be related to 
increased ischemia of tissues and organs below the dia- 
phragm. Acid-base disturbances did not occur. Liver function 
tests were no more disturbed in the AHRG than in the CG, 
and the modest abnormalities in the AHRG returned rapidly 
to norma! following operation. There was no deterioration of 
results from renal fiction tests. There were no gastrointes- 
tinal or spinal cord eemplications. 

A further potential disadvantage of this procedure may be 
an increased likelihood of recurrence of malignant disease 
following the more ‘imited resections of the AHRG compared 

with the hemihepstectomies of the CG. However, we hope 
that the reverse wil! be true because of the greater certainty 


of clearance of malignant tissue ensured by resection under ~ 
clear vision in the avascular livers, with the ability to remove 
involved areas of the IVC, hepatic veins, portal veins, or bile 
ducts. Indeed, our experience of recurrence following resec- 
tion of malignant neoplasms by hemihepatectomy has been 
disappointing and is reflected in the CG, where malignancy is 
known to be present in 5 (71%) of 7 patients who survived 
operation for malignant lesions. In all 5 patients, evidence of 
malignancy was found within months of operation. In the 
AHRG, malignant disease is known to be present in 3(21%) of 
14 patients who received treatment because of malignant: 
hepatic lesions, including both patients with sarcomatous 
lesions where adequate clearance could not be achieved. 
However, it is emphasized that no conclusions can be made in 
this matter, as the time since operation in this group is a mean ~ 
of 9 months compared with the mean of 36 months in the CG. 

Since we adopted the AHR method, the operative treat- 
ment of patients undergoing liver resection has become pro- 
gressively less demanding. As we became increasingly famil- 
iar with the method and impressed with its speed and safety, 
we were able to dispense with some of the refined monitoring 
methods that had been routine in our previous practice. In 
particular, Swan-Ganz catheters to monitor pulmonary 
wedged venous pressure are no longer placed and the special- 
ist anesthetic team assembled for liver resection during the 
time of the conventional technique has been disbanded. We 
are also using the method with some regularity in patients 
with major liver injuries following trauma. 

The suecess of the AHR method has led to a distinct change 
in the types of resections that we perform. Whereas with 
conventional methods we elected to perform hemihepatec- 
tomy for most lesions in the liver, after applying the AHR 
method more limited resections became possible in the major- 
ity of cases. Moreover, safe and speedy resections without 
precise regard for the anatomic hepatic segments were possi- 
ble. Although nine procedures in the AHRG are listed in 
Table 2 as segmentectomies, on four occasions resections 
deliberately transgressed segmental boundaries when, after 
the resection of other segments, either the upper or lower 
portion of segment IV was left in situ. In the remaining five 
cases, although the intention was broadly for segmental re- 
section, the segmental boundaries were likely to have been 
transgressed because no precise anatomic guidelines were 
followed; that is, our indications for transsegmental resec- 
tions have broadened to the point where this is the preferred 
method of resection, the operations increasingly resembling a 
lumpectomy as the term is applied to breast resections. Asa 
result of more circumscribed resections, the greatest amount 
of uninvelved hepatic parenchyma is left in situ, a consider- 
ation perhaps having relevance for patients with hepatic ma- 
lignancy complicating cirrhosis. 
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: Management of Perineal Wounds 


Following Abdominoperineal Resection 
With Inferior Gluteal Flaps 


Wilbur L. Baird, MD; T. Roderick Hester, MD; Foad Nahai, MD; John Bostwick HI, MD 


e Our experience treating perineal wounds secondary to ab- 
dominoperineal resection, either for inflammatory bowel disease 
or cancer, is presented. A total of 16 patients were treated either 
on a delayed basis or at the same time as the abdominoperineal 
resection. All wounds were closed using the inferior gluteal 
myocutaneous flap. Fifteen of 16 patients have achieved healing, 
-.. @ight of whom had no complications. Only minor revisions or 

local wound care were required in the remaining patients, with 


“only one patient failing to heal. Our results compare favorably 


with previous reports of treatment of this difficult problem. 
(Arch Surg. 1990;125:1486-1489) 


erineal wounds following abdominoperineal resection 


= L (APR) for cancer or inflammatory bowel disease may be a 


significant source of morbidity if healing is delayed. We re- 
port our experience with the management of these wounds 
using inferior gluteal musculocutaneous flaps. 

A total of 16 patients have been treated either on a delayed 
basis or immediately following the proctectomy. Of the 16 
> perineal wounds, six were secondary to APR for Crohn's 
disease, two developed following APR for ulcerative colitis, 
and eight were secondary to procedures for carcinoma. Fif- 

^ teen of the 16 patients have achieved a healed wound. One 
patient with the diagnosis of Crohn's disease has failed to 
achieve closure at any time following the surgical procedure. 
Two patients treated after tumor resections have subse- 
quently had recurrent tumor, which presented in the area of 


the perineal wound with some degree of ulceration. Our re- 


sults compare favorably with previously reported cases of 


muscle flap closure of perineal wounds and are certainly 
_ superior to the more traditional methods of treatment of this 


o difficult problem. 

A significant source of morbidity following APR is the 
chronic perineal wound. Wounds that remain unhealed 6 
months following proctocolectomy have been termed persis- 
tent perineal sinus.’ The incidence of persistent perineal 
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sinus foilewing proctocolectomy has been reported to range 
from 25% to 55%,”* with a higher incidence usually reportedin 
patients with inflammatory bowel disease. Various methods 
have been described to manage the pelvic space after proctec- 
tomy, but none has eliminated the problem of persistent: 
perineal sinus.*’ The pathogenesis and method of treating the 
persistent perineal sinus have been adequately described by 
Silen and Glotzer.* The problem is fundamentally that of a 
noncollapsible dead space caused by the anatomy of the pel- 
vis, and ary problems in primary wound healing simply com- 
pound the problem. Various methods of treating established 
sinuses have been reported, including gracilis flaps,”” gluteal 
flaps, ™” skin grafts,” medical therapy,“ and prolonged local 
wound care. We report our experience with inferior gluteal 
myocutaneous flaps in the treatment of this difficult problem. 
Initially, these wounds were treated on a delayed basis after 
the failure of conventional wound care. Later in our experi- 
ence, several wounds were closed at the time of proctectomy 
when wcurd healing problems were anticipated for various 
reasons. Satisfactory results have been achieved using both 
methods of closure. 


PATIENTS AND METHODS 


All patients were treated by the authors within the Emory Univer- 
sity Affiliated Hospitals, Atlanta, Ga. The hospital and office charts 
were reviewed and serve as the basis of the presented data. 

Sixteen patients with perineal wounds secondary to proctocolec- 
tomy underwent wound closure with inferior gluteal myocutaneous 
flaps. Fifteem patients underwent closure with a single myocutaneous 
unit, while one patient required bilateral flaps for closure. Thirteen of 
the patierts were treated on a delayed basis after the failure of 
convential weund care techniques to achieve healing. Three patients 
underwent cbsure with a gluteal flap immediately following or within 
days of the proctocolectomy. One of these patients had undergone 
wide pelvic dissection for recurrent carcinoma of the rectum and 
another required wide skin excision for an anal carcinoma. The third 
patient underwent closure 12 days after proctectomy, at which time 
the perineal wound was packed open followed by several dressing 
changes in the operating room. 

Patient 14 Table) presented with a chronic perineal wound with a 
retained rectal segment. She was treated with procteetomy, débride- 
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Clinical Experience 


Patient No./ 
Age, y/Sex 


1/2B/F 
2/23/F 
3/54/F 


‘Diagnosis* 
Crehr’s disease 
Cretin’s disease 
Carcinoma (RT) 











Complications Revisions 








Two local procedues 


Wound cehiscence/persistent sinus 
Smail dehiscence 








4/48/M Careinoma (RT) 





5/27 /F Crains disease 


Late recurrent/uitimately healed One local procedure 








6/28/F Crean's disease 


Small dehiscence One local procedure 








7/58/M 
8/58/M 


Carsinoma 12d 
Carzinoma (RT) 





immediate flap 








9/20/M Ulveraiive colitis 12 


Smali dehiscence 
Smali dehiscence 


One local procedure 











10/18/M Crohn's disease 5 





11/597 Carcinoma (RT) 36 


Infection, massive venous thrombosis 








12/4304 Carcinoma 


Immediate flap 








13/52/F Carcinoma (RT) 


infectior 





14/75/F Carcinoma 


Gracilis muscle flap 





Crohns disease 


Perineai hernia 








Uiveretive colitis 
*RT indicates radiation therepy. 


ment, and immediate flap closure but is grouped with the patients 
¿with delayed closure because of her long-standing perineal wound 
‘problems. Only one patien: in this group had undergone a previous 
attempt at surgical closare, which consisted of a failed split-thickness 
skin graft. The remaining patients had been treated with local wound 
care only. In the patients treated on a delayed basis, the mean time 
that the perineal wound was present was 18 months, witha range of 1 
to 60 months. 

Eight patients had undergone proctectomy for inflammatory bowel 
disease; six had Crohnia:disease and two had ulcerative colitis. The 
s great majority of these patients had severe perianal disease prior to 

‘the —proctectomy. Although most had received steroid therapy at 
some time during their clinical course, no recent steroid use was 
identified prior to the gluteal flap closure. Eight patients had under- 
gone proctectomy for ¢arcinoma and five of the eight had received 
radiation therapy. 

Early in the experience a standard gluteal flap was elevated using 
the full thickness of che inferior aspect of the gluteus maximus 
muscle. Later wounds were closed using a modification requiring only 
partial thickness of the gluteal muscle.” Operative details are out- 
lined in Figs 1 through#. When the procedure was performed imme- 
diately after the proctzetemy, the wound was temporarily covered 
with sterile towels. The patient was then repositioned to the prone 
position prior to completing the flap dissection and closure. 


RESULTS 
Uncomplicated healing was achieved in eight (50%) of the 


_ 16 patients. Of these eight, one patient with Crohn’s disease 


developed a very small asymptomatic fistula approximately 
10 months following tke initial uncomplicated healing. This 
‘fistula persisted for 9 months, but has recently completely 
healed without any specific therapy. A second patient in this 
group later developed recurrent tumor that presented in the 
suture line of the perineal closure. Seven patients achieved a 
closed wound in a mean of 9 weeks, with a range from 2 to 24 
weeks. Of the seven wounds with complicated healing, most 
problems were miner wound dehiscences or superficial infec- 
tions. These problems were managed with dressing changes 
in three patients and minor débridement and flap reinsertion 
in three patients. The remaining patient required salvage 


with a gracilis musde flap after the initial wound breakdown 


required further resection of the osteoradionecrotic pelvis. 
_ One patient with Crohn’s disease has failed to achieve a healed 
_ wound in spite of several attempts at secondary débridement 
and flap reinsertion and now has evidence of extraintestinal 
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Fig 1.—The perineal sinus after proctocolectomy. The posterior sur- 
face of the sacrum and the chronic fibrous tissue lining are essentially 
noncollapsiole walls that restrict spontaneous closure. 


Crohn's disease as well. Other complications have included 
massive ileofemoral venous thrombosis in one patient, proba- 
bly secondary to recurrent tumor, and a recalcitrant perineal 
hernia in another patient. The results are presented in the 
Table. 


COMMENT 


Abdominoperineal resection for carcinoma of the rectum 
was described by Miles“ in 1908. The procedure was subse- 
quently extended to the treatment of inflammatory bowel 
disease. A significant source of morbidity from the procedure 
has been and remains to be problems with the perineal wound. 
Persistent perineal sinus has been arbitrarily defined as a 
wound persisting beyond 6 months after APR. An interesting 
article by Knavel” describes techniques for treating similar 
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Fig 2.—The gluteus maximus musculocutaneous flap is designed 
: over the lower third of the gluteus maximus muscle. The skin island 
may be designed either as an island or as a penisula-type flap. 
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Fig 3.— Top; The gluteus maximus musculocutaneous flap (standard 
flap) is then elevated based on the inferior gluteal artery pedicle. It is 
then transposed into the pelvic and perineal defect. Bottom, The 
modified: flap using a split-muscle technique. The deep remaining 
muscle protects. underlying. structures while the superficial muscle 
‘provides adequate vascular supply to the overlying skin. 
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Fig 4.—Wound closure results in a donor scar of the buttocks. Closure 
of the skin posterior to the perineal defect can be done with a z plasty to 
reduce near tightness. The skin paddle is a patch that fills the perineal 
defect. 


wounds as early as 1920. Unfortunately, the concept was lost 
until the rediscovery of muscle flaps in the early 1970s. 

Siler and Glotzer" have discussed both uncomplicated peri- 
neal weund healing and the reasons for the development of a 
persistent perineal sinus. Uncomplicated healing of the peri- 
neal weund occurs because the pelvic cavity is obliterated, 
and various methods of perineal closure have been advocated 
to assist in this obliteration of the pelvic dead space. Due to 
the anatomy of the pelvis, the dead space remaining after 
proctocolectomy is essentially a noncollapsible space analo- 
gous to the pleural space after pneumonectomy. If perineal 
wound healing is delayed for any reason, inflammation in the 
area leads to an even more fibrotic and rigid wound. Thus, the 
persistent perineal sinus is similar to the chronic empyema 
cavity, which is unable to collapse and close by normal wound- 
healing mechanisms. 

Recently, there have been various reports of closure of 
perineal wounds using muscle flaps, with the gracilis being 
the most widely used. Mathes et al” reported success in all 
five patients treated with gracilis transposition, with a mean 
follow-up of 2 years.” Pezim et al” reported healing in 66% of 
21 patients treated with gracilis flaps, with 71% of these 
patients requiring further perineal operations to achieve 
healing in a mean period of 2 to 3 months. Of note, skin slough 
occurred in 50% of the musculocutaneous flaps using the 
gracilis unit. Woods and Beart” reported healing in 18 of 14 
perineal wounds treated with gracilis muscle flaps. Twelve of 
these 14 wounds were secondary to proctocolectomy. The 
exact details of healing time are not clear, however; other 
procedures were required in at least five patients and one 
patient has never achieved healing. Ryan’ reported healing in 
12 of 15 patients with persistent perineal sinus secondary to 
inflammatory bowel disease. Of the remaining patients, one 
failed completely to achieve healing and two achieved im- 
provement, Of the healed wounds, only three healed primari- 
ly, with the remainder requiring either further surgery or 
several months of secondary healing. Baek et al” have report- 
ed comparable results. 

All of these series using gracilis muscle or musculocutan- 
eous flaps achieved superior results compared with more 
conventional methods of treatment; however, problems with 
prompt and eventual wound healing remain. We believe that 
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the gluteus musculocutaneous flap offers two distinct advan- 
tages over the gracilis flap. First, the gluteus provides a large 
bulk in close proximity to the dead space to be obliterated; 
therefore, the wound is reliably obliterated using only one 
flap in almost all instances. Second, the skin island is much 
more reliable than that available using the gracilis. 

Using the gluteus myocutaneous flap, we achieved uncom- 
plicated healing in eight of 16 patients; this was achieved in 
both chrenic wounds ard in perineal wounds reconstructed 
immediately. In the remaining patients, seven wounds healed 






within a mean of 9 weeks following the initial procedure 
Further surgical procedures to obtain healing consisted of 
minimal débridement and reinsertion of the original flap, 


except in one patient who required further débridement and: __ 


gracilis salvage. This patient had a heavily radiated wound . 
and extensive pelvic osteoradionecrosis. Only one patient 
failed to achieve wound healing at any time. We believe that 
the results of this technique are superior to those of using the 
gracilis muscle or musculoctaneous flap. 
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Long-term Irreversibility of Bone Loss After Surgery for Primary Hyperparathyroidism 
Philippe Martin, MD; Pierre Bergmann, MD; Clémentine Gillet, MD; Michel Fuss, MD; 


Jacques Corvilain, MD; Jean Van Geertruyden, MD 


We reported previously that radial bone mineral content was decreased in patients with primary 
hyperparathyroidism and remained subnormal 1 year after surgery. In this study, we reviewed the results of 
sequential measurements of the radial bone mineral content, performed up to 107 months after removal of 
the parathyroid adenoma in 71 patients suffering from primary hyperparathyroidism. Bone mineral content 
increased during the first year after surgery. During the period 1 to 8 months after removal of the adenoma, 
the mear monthly increment was 0.009 + 0.0022 g/cm for the radial epiphysis and 0.0084 +0.0023 g/em for 
the shaft: However, in 39 patients seen at the end of 1 year after surgery, the bone mineral content of the 
epiphysis remained more than 1 SD below the normal mean in 61% (24) of the patients and more than 2 SDs 
in 36% (14) of the patients. For the shaft, those percentages were 59% (23) and 26% (10), respectively, 
Thereafter, she monthly increment rate of bone mineral content decreased rapidly with time, so that only 
minor further increase could be expected. Data show that. patients with a low bone mineral content when 
diagnosed with primary hyperparathyroidism will conserve life long an irreversible loss of bone as compared 
with a matched control population (Arch Intern Med. 1990;150:1495-1497). 


Reprintwrequests to Department of Nuclear Medicine, Brugmann University Hospital, Place A Van Gehuchten 4, B-1020 
Brussels, Belgium (Dr Martin). 
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Basic Science Review 


Antibiotic Pharmacokinetics in Surgery 


Donald E. Fry, MD, David E. Pitcher, MD 


@ Pharmacokinetics is the study of variables that affect drug 
concentrations at the effector site. The descriptive terms peak 
concentration, elimination half-life, volume of distribution, and 
bioavailability are commonly used to express pharmacokinetic 

variability among drugs used in patient care. The pharmacokinet- 
: Ie characteristics of drugs are Important for surgeons to under- 
stand because they represent differences that may assume clini- 
-< cal significance when selecting antibiotics for preoperative 
preventive indications. In addition, the changing hemodynamic 
pattern of the stressed and septic patient may result in changing 
pharmacokinetic patterns for an antibiotic, which, in turn, may 
require changes in the dosing regimen during the course of 
. treatment. 
(Arch Surg. 1990;125:1490-1492) 


he pharmacokinetics of antibiotics (and other drugs) is 
commonly discussed by pharmacologists in unfamiliar 
descriptive terms that are poorly understood by surgeons. 
-: Because surgeons use antibiotics in many areas of their prac- 
_ tice, a greater awareness of pharmacokinetics and its clinical 
~ significance is important. 


PHARMACOKINETIC PRINCIPLES 


Pharmacokinetics is the study of variables that govern the 
concentration of a drug at its effector site. The drug is admin- 
"istered and absorbed into the central pool, or serum, of the 

patient. Oral drugs are absorbed over variable lengths of 
“time, while intramuscularly administered antibiotics are ab- 
=- sorbed more rapidly and with less variability than orally 
administered drugs. Both oral and intramuscular administra- 
tion have a sustained-release profile, which means that drug 
metabolism or excretion will begin prior to complete absorp- 
ition of a given dose. Thus, concentrations in the central pool 
are influenced by both rates of drug uptake from the gut or 
` intramuscular reservoir, and the rates of drug metabolism or 
_ exeretion. With intravenous administration, drug absorption 
is virtually immediate so that the central pool concentration 
becomes a consequence of drug elimination alone. 
As the drug concentration in the central pool rises, gradi- 
ents for diffusion into the various tissues occur. The equilibri- 
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um state between the central pool and any tissue is governed 
by multiple variables. The total blood supply, the lipid content 
of the tissue, the lipophilic or lipophobic character of the drug, 
and the protein-binding characteristics of the drug will each 
affect the rapidity of drug delivery at the tissue site. Thus, 
drug concentration will rise more quickly in well-vascularized 
muscle as opposed to relatively avascular fat tissue. If the 
drug is lipophilic, fat tissue concentrations will steadily rise as 
long as the central pool concentration exceeds the fat tissue 
concentration, but will then have sustained tissue concentra- 
tions even though serum concentrations will subsequently 
become negligible. Highly protein-bound drugs will diffuse 
less rapidly into the interstitial space than non-protein bound 
drugs, and will largely be excluded from intracellular water. 
The important point of this discussion is that serum concen- 
trations may have no correlation with the concentrations at 
the target site. 

Peak concentration (PC) of any drug in serum after intra- 
venous administration is illustrated at point A in Fig 1. Peak 
concentration is the greatest concentration of drug in serum 
following a single dose. Peak concentration occurs very rapid- 
ly after intravenous administration, is somewhat delayed (12 
to 15 minutes) after intramuscular administration, and may 
not occur until much later with oral administration. Point Cin 
Fig 1 represents the equilibrated maximum concentration of 
the antibiotic. This reduced concentration when compared 
with peint A occurs as a consequence of equilibration between 
the tissues and the central pool. 

The time required for the drug serum concentration to 
decline by one half is then defined as the elimination half-life 
(t,,). When declining drug concentrations from metabolism or 
excretion are recorded on a semilogarithmic plot, the rate of 
drug elimination becomes linear and reflects the slope of the 
line. The t,, remains constant over a broad range of concentra- 
tions, such that the duration of drug presence in serum can be 
described as multiples of that t,» Thus, changes in the func- 
tion or perfusion of organs responsible for drug elimination 
will have an impact on t, and the necessary dosing interval for 
the antibiotic being used. 

Volume of distribution (VD) represents the theoretical 
volume of body water necessary to dissolve a given dose of a 
drug, assuming no elimination. This is calculated by extrapo- 
lation ef the equilibrated elimination slope to point B, or time- 
zero concentration on the ordinate (Fig 1). Point B is the 
extrapolated concentration of the drug in serum after full 
equilitration among all tissues, but without any elimination. 
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Serum Antibiotic Concentration 


Time 
Fig 1.—~The serum concentrations of a theoretical antibiotic given to a 
patient. Point A is the peak serum concentration; B, the extrapolated, 
--time-zero-concentration that is useful in the calculation of the volume 
of distribution; C, the maximum equilibrated serum concentration; and 
D, the concentration of the antibiotic in serum that is one half of point C 
and thus cefines the elimination half-life (t,.) of the antibiotic, The area 
under the curve represents the bioavailability of the drug. The time 
interval from administration until the drug concentration dropped be- 
low the minimum acceptable therapeutic concentration represents the 
therapeutic availability. The plot is given a linear configuration be- 
cause the drug concertrations are expressed as the logarithm of the 
actual values. 


Thus, a 1-g (1000-mg)-dose that results in an extrapolated 
time-zero concentration of 50 mg/L would have a VD equal to 
dose/time-zero concentration, or 1000 mg/(50 mg/L)= 20 L. 
Knowing that a patient weighing 70 kg has an extracellular 
water volume of 14 E means that this drug most likely pene- 
trates the intracellular water volume to have a VD of 20 L. 
The determination cf the VD assumes significance by virtue 
of dictating the maximum PC in serum for a drug with a 
‘givent,.. 

¿Another common.term used in pharmacokinetics is bio- 
availabitity. Bioavailability represents the area under the 

-curve of the serum coneentration plot. Drugs with high PC, 

“small VD, and longer+,, will have greater bioavailability than 
drugs with low PC, large VD, and short t,» Differences in 
bioavailability explam why drugs with similar elimination t,» 
may actually have diferent redosing intervals. 

Therapeutic availability is our term, chosen because it is 
more clinieally applicable. Therapeutic availability is the du- 
ration of time by which the antibiotic concentration exceeds 
the targeted therapeutic concentration that is desired for 
treatment objectives. Antibiotics with high PC but very short 

ty, have a large calezlated bioavailability but with a short 
. redosing interval. The actual duration of antibiotic concentra- 
_ tion or therapeutic availability that is greater than or equal to 
_ the minimum inhibitory concentration for the bacteria likely 
to be encountered is relatively short. Drugs with lower PC, 
-but long t.,, may have a smaller bioavailability but a longer 
_ therapeutic availability by virtue of a longer period of time 
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Fig 2.—The serum concentrations in milligrams per liter after preoper- 
ative administration of cephalothin (2 g given intravenously) and cefa» 
zolin (1 g given intravenously) in patients undergoing cholecystecto- 
my. Shaded bars represent cephalothin; closed bars, cefazolin. 
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Fig 3.—The wound fluid concentrations in milligrams per liter after’ 
preoperative administration of cephalothin {2 g given intravenously) > 
and cefazolin (1 g given intravenously) in patients undergoing chole- 
cystectomy. Shaded bars represent cephalothin; closed bars, — 
cefazolin. 


above the minimum inhibitory concentration. Because of dif- 
ferences in target tissue pharmacokinetics, an ideal design 
would be to know the therapeutic availability at the tissue site 
rather than in serum. 
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__ CLINICAL SIGNIFICANCE OF PHARMACOKINETICS 
_____ A first example that underscores the significance of phar- 
_ macokinetics can be seen in the use of antibiotics for preven- 
__ tive indications. Early studies in antibiotic prevention of 
infection for elective gastrointestinal resections demon- 
_ Strated significant benefits from preoperative use of cepha- 
_ loridine’ or cefazolin sodium.’ Subsequent studies using ce- 
_ phalothin sodium” showed no benefit, despite the similar 
__ antimicrobial spectrum of this cephalosporin compared with 
_ eephaloridine and cefazolin. However, measurement of se- 
rum (Fig 2) and tissue (Fig 3) concentrations of cefazolin and 

cephalothin demonstrated lower cephalothin concentrations 
` at each time period." Cefazolin has a greater PC, a lesser VD 
_ (itis highly protein bound), a t,, of 2 hours, and a therapeutic 
_ availability of 4 hours. Cephalothin has a lesser PC, a greater 

< VD, a t of 35 to 40 minutes, and only a 75- to 90-minute 
_ therapeutic availability. The failure of cephalothin, and the 
__ success of cephaloridine and cefazolin, as preventive antibiot- 








ics emphasize the importance of therapeutic availability in 
covering the period of bacterial contamination, 

An additional example ean be identified in the use of ami- 
noglycesides for therapeutic indications. Septic and stressed 
patients generally demonstrate a hyperdynamic circulation, 
which, in patients with normal kidney function, will result in 
accelerated excretion of the drug.“ Pharmacokinetic dosing, 
while initially advocated to prevent toxic effects of aminogly- 
coside antibiotics, is now commonly used to ensure adequacy 
of drug administration. Up to five times the daily recom- 
mended dose of aminoglycosides may now be required in 
these patients with very elevated cardiac outputs. One can 
only speculate about the underdosing of other antibiotics or 
drugs that occur in the hyperdynamic setting. 

In summary, drug pharmacokinetics has been ignored by 
surgeons. An understanding of pharmacokinetics is neces- 
sary if we are to optimize the clinical applications of antibiotics 
for the care of the surgical patient. 
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Compliance Declines Between Clinic Visits 


Joyce A. Cramer; Richard D. Scheyer, MD; Richard H. Mattson, MD 


Adherence to prescribed drug dosing regimens declined substantially during the interval between clinic 
visits and drug level tests. Using microelectronic monitors to observe pill-taking habits, 20 patients averaged 
88% compliance before and 86% compliance after the visit, but this dropped to 67% compliance a month later. 
These data indicate that spot drug levels do not represent long-term “steady-state” drug serum concentrations 
(Arch Intern Med. 1990;150:1509-1510). 

Reprint requests to Epilepsy Research-127, VA Medical Center, 950 Carapbell Ave, West Haven, CT 06516 (Ms Cramer). 





1492 Arch Surg—Vol 125, November 1990 


Antibiotic Pharmacokinetics—Fry & Pitcher 


surgical History 


Thiz article is the continuation of a series of historical narratives to acquaint our readers with the 
contributions of surgeon-investigators to the investigation, development, and management of specific 


diseases and operations. 


A History of the Bilioenteric Anastomosis 


Steven 4. Ahrendt, MD, Henry A. Pitt, MD 


© The bilioenteric: anastomosis has played an integral rote in 
the surgical managernent of billary tract disease during the past 
century. A wide variety of techniques for suturing a portion of the 
billary tract to the digestive tract have been described since von 
Winiwarter's first cholecystoenterostomy. Many types of biliary 
stents have also been developed, although thelr exact role re- 
mains controversial. Many advances in preoperative and postop- 
erative care have cortributed to the low morbidity and mortality 
of currant reconstructive biliary tract surgery. 

(Arch Surg. 1990;125:1493-1500) 


Ae ne of general anesthesia and antisepsis laid 
L the foundation for the tremendous advances in intra- 
abdominal surgery that occurred during the latter part of the 
19th century. Surgery of the biliary tract was no exception. 
The standard therapies for gallstone sufferers, the Carlsbad 
cure or opiates, were largely unsatisfactory. Cholecystos- 
tomy, first performed by John Stough Bobbs in 1867, and 
cholecystectomy, initially peformed by Carl Langenbuch in 
1882, rapidly assumed a prominent role in the management of 
gallstone disease.’* Complications of these early surgical en- 
deavors were frequent owing to the inexperience of the sur- 
geons and often advanced inflammation at surgery. The re- 
sulting biliary fistulas or strictures necessitated the 
‘development of new means of rerouting bile into the digestive 
tract. In this setting, a wide variety of bilioenteric anasto- 
moses were first described. The relief of symptoms with 
biliary decompression led to rapid application of bilioenteric 
anastcmoses to malignant biliary obstructions. 


THE ADVENT OF BILIARY SURGERY 
Cholecystoenterostomy 


Johann Nepomuk Ritter von Nussbaum of Munich, Germa- 
ny, is credited with initially suggesting in 1870 that the con- 
struction of an anastomosis between the gallbladder and ali- 
mentary tract might successfully decompress a distally 
obstructed biliary tree.’ However, the first attempt at chole- 
cystoenterostomy was undertaken in 1880 in Liége, Belgium, 
by Alexander vor Winiwarter (Fig 1).* A pupil of Theodor 

Accepted for publication August 24, 1990. 

© From the Department of Surgery, Johns Hopkins Medical Institutions, 
. Baltimore, Md. 

Reprint requests to The Johns Hopkins Hospital, 600 N Wolfe St, Blalock 

688; Baltimore, MD 21205 (Dr Pitt). 





: : Arch Surg- Vol 125, November 1990 


Billroth, von Winiwarter had recently assumed the professor- a 
ship of Surgery in Liège in 1878.*** By that time, he had _ 
distinguished himself by assisting Karl Gussenbauer in deyel- 


oping a gastrectomy technique in dogs, revising Billroths: 
text Allgemeine Pathologie und Therapie, and reporting one: _ 
of the first series of surgical resection for breast cancer with 


long-term cures of the disease.” 
In 1880, a 34-year-old man with signs of common bile duet 


obstruction and an enlarged gallbladder was referred to von: 
Winiwarter. Attempts at aspiration of the gallbladder failed | 


to relieve the symptoms and led von Winiwarter to explore o 
the patient on July 20, 1880. He planned to create an internal 


biliary fistula. Finding the ascending colon adjacent to'a- 


markedly dilated gallbladder, he elected to suture the gall- 
bladder to the colon instead of the jejunum, as previously _ 
planned. Both structures were exteriorized, and 4 days later a s 
fenestrated trocar was passed through the gallbladder and 


into the colonic lumen, where the two structures had previ- 


ously been joined. This procedure was unsuccessful, and 
when the trocar was removed 8 days later, the patient was left 
with a complete external biliary fistula.*** 

A second attempt at internal biliary drainage in the same _ 
patient involved the same technique, but with a larger trocar. _ 
It also failed and resulted in a second external fistula. The — 
patient’s condition continued to deteriorate, and on Novem- = 
ber 20, 1880, another attempt was made to close the fistulas. _ 
The cholecystocolostomy was taken down, and the contracted 
gallbladder was sutured to a loop of small intestine. Despite _ 
this new anastomosis, no reduction in external drainage oc- 
curred. In a fifth stage, von Winiwarter attempted to resect _ 
the fistulous tract and directly close the fistulous opening in _ 
the gallbladder with a skin flap. This procedure was also _ 
unsuccessful and left the patient with a persistent biliary: 
fistula and two enteric fistulas where inadvertent enteroto-. 
mies had occurred.*** 

At this point, the disenchanted patient disappeared from 
von Winiwarter’s care and was not heard from until months 
later, when the referring physician notified von Winiwarter _ 
that the patient had markedly improved. Only a small amount 
of external drainage persisted, and the patient wondered 
whether anything further might be done to close the remain- 
ing fistulas. In a sixth stage 16 months after the initial proce-. 
dure, a final attempt to close the enteric fistulas was under- 
taken. All drainage ceased in April 1892. Von Winiwarter 
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Fig 1.—Alexander von Winiwarter performed a cholecystocolostomy 
in 1880** (from Rutledge’). 


concluded his initial case report by advocating a two-stage 
cholecystoenterostomy for cases of common bile duct 
obstruction.*“ 

Von Winiwarter'’s experience dissuaded other attempts at 
cholecystoenterostomy for 5 years.’ However, successful ex- 
perimental studies in dogs by Colzi in Italy and J. M. Gaston 
in Atlanta, Ga, proved it to be a feasible procedure." In 
1883, Colzi described five dogs in whom he had performed 
cholecystoenterostomy after common bile duct ligation. All 
the animals survived without any apparent disturbance in 
digestive function.*” Colzi also advocated cholecystoenteros- 
tomy vs cholecystocolostomy to minimize the possibility of 
ascending infection.” Gaston had less success, but did estab- 
lish several cholecystoduodenal fistulas in dogs by using one 
full-thickness suture to join the gallbladder with the adjacent 
duodenum.” These encouraging results led to seven further 
cases of cholecystoenterostomy between 1887 and 1889. 

In 1887, the Russian surgeon Monastyrski performed a 
one-stage cholecystojejunostomy in a 50-year-old patient 
with metastatic periampullary carcinoma and recurrent acute 
cholangitis (Table 1). One month later, O. Kappeler success- 
fully performed a similar operation in a patient with pancreat- 
ic cancer. Kappeler became the first to apply Anton Wolfler’s 
technique of circumferential mucosa-to-mucosa intestinal su- 
turing to the construction of a bilioenterie anastomosis.®° 
Both patients were considerably improved by the procedure, 
but eventually succumbed to metastatic cancer. Autopsies of 
both patients confirmed anastomotic patency at death. 

Use of the adjacent duodenum to establish continuity be- 
tween the gallbladder and the alimentary tract was first 
attempted by Bardenheuer in two patients, one of whom died 
during surgery.’ His technique involved elastic rubber bands 
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Table 1.—Milestones in Early Biliary Surgery 





Investigator Cholecystoenterostomy 










1880 von Winiwarter* Cholecystocolostomy 
1887 Monastyrski" Choiecystojejunostomy 
1889 Terriers Cholecystoduodenostomy 






Gersuny** Cholecystogastrostomy 


Choledochoduodenostomy* 







1891 Sprengel Choledochoduodenostomy (S-S) 
1898 Halsted Choledochoduodenostomy ( E-S) 
1902 Kehr? Hepaticoduodenostomy (E-S) 






*S-S indicates side-to-side; and E-S, end-to-side. 


that joined the gallbladder and duodenum and relied on pres- 
sure necrosis to establish a fistula. This method, however, 
was never proven to actually establish a patent cholecysto- 
duodenostomy.* In 1889, the French surgeon Terrier per- 
formed tke first successful cholecystoduodenostomy over a 
4-cm ruber tube in a 54-year-old woman with an impacted 
common bile duct stone.*” He was also the first to employ an 
internal stent in the construction of an anastomosis. The 
stent, however, passed 7 days after surgery. 

In 188€, A. W. Mayo Robson, Professor of Surgery at the 
University of Leeds, England, became the first to successful- 
ly treat < patient with an external biliary fistula through 
construct on of a bilioenteric anastomosis. His patient had 
undergon2 cholecystostomy for empyema of the gallbladder 
and had drained a pint and a half of bile daily for 15 months. 
Adhesions obscured the duodenum, so Robson used the near- 
by hepati: flexure in construction of the anastomosis. His 
success led him to propose cholecystoenterostomy in the man- 
agement cf persistent biliary drainage following cholecystos- 
tomy.*" Fowever, an increased risk of cholangitis and the 
exclusion of bile from any role in digestion was recognized 
early and made the use of the colon unpopular in biliary 
reconstruction. 

The sto nach was initially used of necessity in reconstruc- 
tion of the biliary tract. In 1892, another Billroth pupil, Rob- 
ert Gersuny, explored a 45-year-old woman with episodic 
biliary col c and jaundice.” Dense adhesions encased the en- 
tire duodenum and small intestine, leaving only the stomach 
and colon available to bypass a potentially obstructed com- 
mon bile cuct. Despite Robson’s previous success using the 
colon, Gersuny elected to suture the gallbladder to the prepy- 
loric lesse” curvature to preserve the normal function of bile 
in digestion.*” 

In his 1390 summary of the first 10 cholecystoenterosto- 
mies, Ludwig Courvoisier’ concluded that cholecystoenteros- 
tomy coulc successfully compete with cholecystostomy and be 
performed with an acceptable mortality rate (20%). He advo- 
cated its use in cases of non~gallstone-related common bile 
duct obstraction and high-output biliary fistula after ductal 
injury or caolecystostomy, a frequent outcome after the most 
commonly performed biliary tract operation of that time. 
However, 2nthusiasm for the procedure was not initially 
widespread. Robert Lawson Tait,” one of the pioneers of 
abdominal surgery and a firm proponent of cholecystostomy, 
declared trat cholecystoenterostomy was a fanciful operation 
not possib-e when most required—in cases of suppurative 
cholecystitis. Nevertheless, during the next several years, 
cholecystoenterostomy became popular as operations on the 
common bie duct were considered more formidable.* In an 
address to the 1894 International Congress of Surgery in 
Rome, Italy, John B. Murphy of Chicago, Ill, broadly advo- 
cated cholezystoenterostomy for all cases of common bile duct 
obstructior,, cholecystitis, chronic discharging biliary fistu- 
las, and perforation of the common bile duct." 
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Choledochcenterostomy 


Reconstruction of the biliary tract using the common bile 
duct became a necessity following the introduction of chole- 
cystectomy for gallstone disease in 1882. Langenbuch sug- 
gested in 1884 that choledochotomy might be performed to 
remove common bile duct stones and that choledochoenteros- 
tomy could be performed on ectatic common bile ducts.*” 
Choledochoduodenestomy was also suggested by the Swiss 
surgeon Theophil Roth” in 1885 for periampullary malignant 
neoplasms. Following a fatal attempt at choledochotomy by 
Hermann Kummel in 1884, successful choledochotomies 
were performed by Knowsley, „Thornton, and Heusner in 
1889 and by Courvoisier in 1890.*" 

In 1891, Oskar Sprengel” of Dresden, Germany, described 
the first attempt to establish an anastomosis between the 
common bile duct and the gastrointestinal tract (Table 1). 
After performing a cholecystectomy, he was unable to clear 
the distended common bile duct of stones. To prevent bile 
leakage from the cystic duct stump, he constructed a two- 
layer, side-to-side echoledochoduodenostomy to decompress 
the distended common bile duct. After surgery, the patient 
had no evidence of biliary obstruction.*“ The German surgeon 
Bernhard Riedel had performed a similar procedure in 1888, 
but his patient died.cne day after surgery." 

Choledochoduodenostomy was performed less frequently 
after its initial description than cholecystoenterostomy be- 
cause of its greater technical difficulty. Nevertheless, Robson 
and Dobson*” advocated ductal anastomosis whenever clear- 
ance of gallstones from the common bile duct was impossible. 
They recognized that symptoms could persist if cholecystoen- 
terostomy was performed. Choledochoduodenostomy was 
also used to reconstruct the biliary tract after resection of 
periampullary caneers. In 1898, William Steward Halsted 
resected a periampullary cancer and reconstructed the biliary 
tract with an end-te-side choledochoduodenostomy.” Howev- 
er, at reexploratior 3 months later, the anastomosis was not 
patent, and a cholecystoduodenostomy was performed. Cho- 
ledochoduodenostomy was finally established in 1918 as an 
operation with acceptable morbidity when Franz Sasse of 
Frankfurt, Germany, described 11 such successful opera- 
tions. He recommended choledochoduodenostomy, when pos- 
sible, as the procedure of choice. He believed that it prevent- 
ed ascending cholangitis and gallstone formation associated 
with chronic commen bile duct obstruction.”” 


Hepaticoenterostomy 


Obliteration of the common bile duct through stricture or 
malignancy necessitated use of the more proximal common 
hepatic duct in establishing internal biliary drainage. In 1902, 
the German surgeon Hans Kehr resected a cancer at the 
junction of the cystic and common hepatic ducts. He per- 
formed the first hepaticoduodenostomy by reconstructing the 
biliary tree in an end-to-side fashion.” In 1905, William J. 
Mayo” described a patient with an obliterated common bile 
duct and an external biliary fistula following cholecystectomy 
and choledochotomy. Mayo’s single-layer hepaticoduodenos- 
tomy was the first. performed in the United States (Fig 2). 
Mayo described a semilunar duodenotomy designed to act as a 
partial valve to prevent ascending cholangitis.”” Nineteen 
years later, the patient had no biliary tract problems and had 
survived pneumonia and typhoid fever.” 

In the quarter century following von Winiwarter'’s chole- 
eystoenterostomy, a wide variety of operations were intro- 
duced that firmly established the role of surgery in the man- 
agement of biliary tract disease.” Murphy’s series of 79 
cholecystoduodenostomies with a 16% operative mortality 
rate, reported in 1897, was representative of the results 
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Fig 2.—Mayo’ initial hepaticoduodenostomy as described in 1904. 
Fixation sutures are tied, the duodenum is incised, and the posterior 
row of through-and-through sutures are put in place (from Mayo”). 


achieved during this period.” Improvements in operative 
technique and perioperative care during the next quarter 
century would increase the number of conditions manageable 
by bilioerteric anastomosis and improved overall results. 


ADVANCES IN SURGICAL TECHNIQUES 


During the early 20th century, operations were introduced 
for fistula implantation and the creation of an indirect bilioen- 
teric anastomosis by bridging a ductal defect with a stent. 
Initially, these procedures were popular, but they eventually 
fell into disfavor. The technique for direct mucosa-to-mucosa 
anastomosis improved with its increased use in difficult-to- 
manage, proximal bile duct strictures. A variety of biliary 
stents were also introduced. Perhaps most importantly, im- 
provements in perioperative care, such as the introduction of 
blood transfusions and the recognition of the role of calcium in 
blood clotting, led to marked improvements in survival. 


Biliary Fistula implantation 


The frequent establishment of externally draining biliary 
fistulas after cholecystostomy or unrecognized bile duct in- 
jury led to attempts at recreating bilioenteric continuity 
through implantation of the fistulous tract into the stomach or 
duodenum. Surgeons quickly recognized that a complete ex- 
ternal fistula resulted in malnutrition and, sometimes, death. 
Moreover, the presence of adhesions from previous surgery 
or inflammatory conditions made exposure of the proximal 
biliary tract difficult and time-consuming. Poor anesthetic 
techniques, limited circulatory support, and coagulopathy in 
these jaundiced patients necessitated the development of 
simpler, faster procedures for reconstructing the biliary 
tract. 

In 1902, Vincenz Czerny, Professor of Surgery at Heidel- 
berg (Germany) University, and Billroth’s former first assis- 
tant, deseribed a cholangiohepatoenterostomy that ineluded 
the first use of an external biliary fistula in reconstructing the 
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Table 2.—Early Modification in Technique 








Year investigator 


1902 Czerny‘ 
1909 Mariani 


Fistula Implantation 


Cholangio-fistula-jejunostomy 
Cholecysto-fistula-gastrostomy 




















Stent implantation 
1910 Jenckel*? Hepatico-stent-duodenostomy 
1912 Wilms Choledocho-stent-duodenostomy 






Further Modifications 
Retrocolic cholecystojejunostomy 
Roux-en-Y cholecystojejunostomy 
Proximal enteroenterostomy (omega loop) 
Roux-en-Y hepaticojejunostomy 






1900 Pendi= 
1904 Monprofit® 
1905 Moynihan® 
1909 Dahir 















biliary tract (Table 2). Czerny inserted the fistula into the 
jejunal defect left by a nonfunctioning cholecystojejunostomy 
in a patient with metastatic cancer. The patient died several 
days later.’ Ludwig von Stubenrauch of Munich, Germany, 
attempted a similar procedure several years later. However, 
__ the fistulous tract necrosed, and the connecting channel never 
functioned." Success was finally achieved in Italy by Carlo 
Mariani in 1909 with a gallbladder fistula that he transplanted 
into the pylorus, bypassing an occluded common bile duct.’ In 
the United States, Williams and Smithwick" reported in 1929 
the 14-year follow-up of a similar case of an anastomosis 
between an external biliary fistula and the duodenum. 

Enthusiasm for fistula implantation grew during the 1920s, 
with some surgeons advocating it for cases of common bile 
duct obstruction.” In 1924, Frank Lahey described a case of 
successful fistula implantation from his early experience with 
biliary tract strictures (Fig 3). He stressed the importance of 
carefully preserving the tract down to, but not into, the liver, 
leaving its blood supply intact.“ He believed that the secre- 
tory pressure of bile exceeded the contractility of the granula- 
tion tissue surrounding the fistula; thus, the fistula should 
remain permanently open when implanted internally.*” Both 
Lahey” and Walters” recommended this procedure as a sim- 
ple method for draining the biliary tract when a normal seg- 
ment of proximal hepatic duct was absent. Several authors 
reported rapid epithelialization of the sinus tract that they 
believed would prevent its contraction and the resulting se- 
quela of biliary obstruction.*” In 1922 and 1923, Hilde- 
brandt“ and von Stubenrauch® suggested simplifying the 
procedure by implanting the fistula subcutaneously in a de- 
functionalized jejunal limb, although Sutton” had unsuccess- 
fully used this technique in 1910. 

Initial enthusiasm for fistula implantation waned, howev- 
er, as longer follow-up revealed a high incidence of recurrent 
biliary obstruction.“ By 1936, Lahey“ performed fistula im- 
plantation as a last resort, calling it a makeshift procedure 
bound to be followed by many failures. In his 1950 summary of 
the management of 229 bile duct strictures, Lahey” added 
that 86% of his fistula implants had failed, leading him to 
abandon the procedure. 


Wilms-Sullivan Stent Operation 


Difficulties in obtaining a tension-free, mucosa-to-mucosa 
union in cases of common bile duct obstruction or division 
after cholecystectomy also led to the development of the 
indirect bilioenteric anastomosis. In 1909, Arthur G. Sulli- 
van” of New York, NY, described a series of experiments 
performed in eight dogs in which the defect between the 
divided common duct and duodenum was bridged with a 
rubber tube. The proximal end of the tube was sutured in 
place in the divided duct, while the distal end was obliquely 
inserted into the anterior duodenal wall after passing through 
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Fig 3.—Laaey's technique of fistulojejunostomy as published in 1929. 
Preparation of a jejunal loop is demonstrated in the inset at upper right. 
The fistulous tract was excised, cannulated with a rubber tube, and 
inserted irto the jejunal loop. The inset at lower right shows the 
completed anastomosis (from Lahey”). 


a 2-cm serosal tunnel, as in a Witzel gastrostomy. The ex- 
posed tuke was covered with omentum. A sponge attached to 
the tube in the duodenal lumen advanced the tube with peri- 
stalsis such that the tube would pass in 1 week. The dogs were 
well for as long as 3 years after the procedure, and mucosal 
growth into the artificial duct was demonstrated histological- 
ly at auto>sy.* 

In 1910, Adolf Jenckel,” in reporting the experience of the 
Göttinger: (Germany) Clinic, described the 5-year follow-up 
results of an indirect hepaticoduodenostomy. He inserted one 
end of a rabber tube that was the size of his little finger into 
the comn:on hepatic duct of a patient who had undergone 
cholecystectomy. He tunneled the other end into the duode- 
num throagh a Witzel fistula.* This patient was well 30 years 
later.“ Ir 1912, Max Wilms,” of Heidelberg University, 
described five cases of indirect bilioenteric anastomosis. 
However, he recommended its use only in exceptional cases, 
such as urstable patients, because of how quickly it could be 
performed. He also described the possibility of stent migra- 
tion and advocated making the defect as short as possible to 
allow rapid epithelialization of the ensuing tract. In the Unit- 
ed States, Mann” and Erdmann” soon described cases of 
successfu. indirect bilioenteric anastomosis without substan- 
tial follow-up. Initial attempts by George Brewer and Freder- 
ick Lange. however, resulted in death. *** 

Despite the initially optimistic results, it soon became evi- 
dent that the Wilms-Sullivan procedure, like biliary fistula 
implantat on, produced good temporary results in a few very 
difficult cases, but had unsatisfactory long-term re- 
sults.” Lahey and Pyrtek* reported a patency rate of 
only 20% with indirect bilioenteric anastomoses, stating that 
the general tendency of such implanted tubes was to become 
plugged ir from 1 to 2 years and that strictures occurred after 
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tubes had passed. The ensuing biliary obstruction resulted in 
frequent incidences ef cholangitis and hepatic abscess and a 
cumulative mortality rate of 29%. 


Plastic Conduit Repairs 


Biliary diversion using the entire gallbladder or conduits 
created from serosa! or full-thickness flaps were also made 
during the early 20th century. Initially introduced by Hal- 
sted, von Stubenrauch, Walton, and Kehr, these so-called 
plastic repairs used the gallbladder or gastric, duodenal, and 
gallbladder flaps or tubes to cover or bridge ductal de- 
fects.**” These methods, however, were useful only in rare 
situations, and their widespread use was never adopted.*” 

Approaches using other tissues to bridge ductal defects 
soon followed. Preservation of Oddi’s sphincter was consid- 
ered important in preventing the cycle of reflux, cholangitis, 
and strieture formation. Segments of artery, vein, fascial 
tubes, appendix, skin tubes, preserved bile duct, ureter, and 
small bowel were all used in attempts to reestablish bilioen- 
teric continuity. Most cf these tubes gave promising results 
initially, but, with the exception of small bowel, strictures 
eventually occurred, and none withstood the test of time.” 


Roux-en-Y Hepaticojejunostomy 


Retrocolic cholecystojejunostomy was introduced in 1900 
by Pendi” at the Allgemeine Krankenhaus in Vienna, Aus- 
tria, and later by Brentano“ in Berlin, Germany (Table 2). 
This technique provided easier approximation of a jejunal 
loop or, later, a Roux-en-Y limb, to the gallbladder through a 
defeet in the transverse mesocolon. In 1904, Ambrose Mon- 
profit of Angers, France, used the Y anastomosis of César 
Roux in constructing a cholecystojejunostomy. Monprofit 
predicted that this technique would prevent the reflux of 
intestinal contents into the gallbladder, avoiding the compli- 
cation of ascending cholangitis.” Robson's pupil, Berkeley 
Moynihan, soon advocated using either a Roux-en-Y loop or a 
jejunal loop with a proximal enteroenterostomy (omega loop) 
to prevent the reflux of intestinal contents into the gallblad- 
der.” In 1909, Robert Dahl” of Stockholm, Sweden, used a 
Roux-en-Y jejunal limb in constructing a hepaticojejunos- 
tomy to manage a common hepatic duct fistula. Since its 
inception, Dahl’s technique has been widely used, since it 
safely bypasses most extrahepatic strictures or ductal defects 
(Fig 4). 

Useof the Roux-en-Y limb made tension-free anastomosis 
nearly always possible between the gut and any segment of 
the biliary tree. Thus, isolating an adequate length of bile duct 
became the limiting factor in achieving a patent anastomosis. 
Techniques for creating bilioenteric union to short segments 
of hilar bile ducts were introduced by several authors in the 
1940s. Allen® inverted the proximal end of a Roux limb and 
sutured it to the scar tissue surrounding a stump of bile duct at 
the porta hepatis. Coie et al”? used Hoag’s technique” in 
creating a mucosal sleeve in the end of a Roux-en-Y jejunal 
limb to ensure mucesa-to-mucosa union at the hepatic hilum. 
In 1969, Smith” described a similar technique that created a 
mucosal graft overia Y-tube. He later adapted the mucosal 
grafting technique for use with transhepatic stents. This 
technique permitted retraction of a jejunal mucosal sleeve 
into the intrahepatic ducts, avoiding union with the scar 
tissue. at the hilum.” In 1960, using a different approach, 
Kirtley“ widely opened, or fish-mouthed, the proximal com- 
mon hepatic duct, tacking it to the thickened Glisson’s cap- 
sule; A Roux-en-Y limb was sutured around, but not to, the 
open-ended duct. Lorg-term follow-up revealed patency in 
88% of patients in wham this technique had been performed, 
despite the absence of mucosa-to-mucosa sutures. ” 
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Fig 4.—Construction of a Roux-en-Y hepaticojejunostomy as dè- 4 


scribed by Cole et al (from Cole et al”). 


Table 3.—Development of Cholangiojejunostomy 

















Year Investigator Cholangioenterostomy 
Kehr’s Hepatocholangioduodenostomy 

1948 Longmire and Sanford® = Cholangiojejunostomy 

1951 Dogliottie Cholangiogastrostomy 

1956 Hepp and Couinaud™ Cholangiojejunostomy 


1957 Soupalt and Couinaud* Segment lil cholangiojejunostomy, 
round ligament approach 


Cholangioenterostomy 


Extensive obstruction of the biliary tree after multiple 
attempts at repair had long been a nearly insurmountable 
problem. Absence of a segment of extrahepatic bile duct 
required establishing continuity between an intrahepatic bile 
duct and the gut. Such procedures were first envisioned by 
Baudoin in 1896 and Langenbuch in 1897 and first carried out 
by Kehr in 1904 (Table 3)."” Kehr created a6 x 3-cm elliptical 
defect in the undersurface of the liver with a Pacquelin 
cautery, opening several larger bile ductules in the process. 
He then anastomosed a 6-cm segment of adjacent duodenum 


to the liver capsule surrounding the hepatic defect, creatinga 


hepatocholangioduodenostomy.” Despite initial resolution of 
her jaundice, the patient died 8 weeks later.’ However, long- 
term anastomotic patency was rarely achieved, leading Wal- 
zel” and Graham et al” to declare the operation obsolete in the 
1920s. 

Establishing direct mucosa-to-mucosa continuity between 
an intrahepatic duct and the gut was the necessary step in 
achieving lasting drainage of the intrahepatic biliary tree in 
hilar strictures. Several techniques for exposing segments of 
the left hepatic duct have been described. In 1948, Longmire 
and Sanford™ described an intrahepatic cholangiojejunos- 
tomy. A large intrahepatic duct was exposed by resecting.a 
wedge of the left lobe of the liver. They subsequently per- 
formed an end-to-side anastomosis between the intrahepatic 
duet and a jejunal loop with a proximal enteroenterostomy 
(Fig 5).” In 1951, Dogliotti,” of Turin, Italy, described a 
similar technique of left hepatic resection followed by end-to- 
side anastomosis of an intrahepatic duct to the lesser curva- 
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Fig 5. — intrahepatic cholangiojejunostomy as described by Longmire 
and Sanford. The end of the intrahepatic duct is sutured to an incision 
in the side of the jejunal loop (from Longmire and Sanford”). 


ture of the stomach, creating an intrahepatic cholangiogas- 
trostomy. In five cases performed between 1946 and 1954, he 
reported great success with this technique.” 

Additional techniques of intrahepatic cholangiojejunos- 
tomy were based largely on Couinaud’s studies of segmental 
hepatic anatomy.” Hepp and Couinaud® exposed the left main 
hepatic duct at the base of the quadrate lobe (segment IV), 
permitting a long side-to-side cholangiojejunostomy in un- 
scarred tissue. Soupault and Couinaud™ described the round 
ligament approach to the hepatic duct in segment III of the 
liver in 1957. Left-sided cholangiojejunostomy is technically 
easier than right intrahepatic anastomosis and, in the major- 
ity of cases, provides satisfactory decompression. However, 
atrophy of the left lobe or cholangitis resulting from an oc- 
cluded right hepatic duct occasionally requires a right cholan- 
giojejunostomy or bilateral anastomoses.” Wedge resection 
and exposure of the duct to segment V for right-sided cholan- 
giojejunostomy and resection of the quadrate (segment IV) 
lobe for bilateral cholangiojejunostomy have also been de- 
seribed.”* Encouraging results have been achieved using 
these techniques in high bile duct strictures.*” 

Further modifications have been added to the standard 
bilicenteric anastomosis in recent years. An increased inci- 
dence of peptic ulcer disease after hepaticojejunostomy has 
been described by several authors.” The successful use as 
early as 1915 of jejunal interposition grafts to bypass ductal 
defects in dogs led McArthur and Longmire to propose jejunal 
interposition choledochoduodenostomy in 1971.°°°” Seven 
years later, Wheeler and Longmire” reported a decreased 
incidence of peptic ulcers after long-term follow-up in patients 
who had undergone hepatojejunoduodenostomy.” However, 
the relatively infrequent incidence of peptic ulcers in most 
series of hepaticojejunostomies and the potentially increased 
morbidity of an additional duodenal suture line have prevent- 
ed the widespread use of this procedure.”™ Increased use of 
fiberoptic endoscopy and percutaneous access to the biliary 
tree for diagnosis and treatment have led to additional modifi- 
cations in operative procedures. The Roux-en-Y hepaticoje- 
junostomy is inaccessible to the endoscope in its traditional 
form. Creation of a stoma in the jejunal limb proximal or distal 
to the bilioenteric anastomosis or fixation of the limb to the 
posterior rectus fascia provides access to the anastomosis.” 


Biliary Stents 


A wide variety of transanastomotic biliary stents have been 
used since Terrier” reported the use of a rubber tube in 1890. 
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Table 4.— Evolution of Biliary Stents 


Investigator Stent 
Terrier: 











Straight 
Button 


Murphy 
Kehr" T-tube 


McArthur’ 
Lahey’ 
Goetze” 


Cuffed tube 
Y-tube 
Transhepatic 


Stents kave been used to provide biliary drainage and prevent 
cicatricial contraction at a bilioenteric anastomosis and have 
been especially useful when mucosa-to-mucosa union has 
been impossible. In 1894, Murphy” described an 11-minute 
cholecystoduodenostomy in which a button was used to aid in 
the rapid and simple construction of an anastomosis (Table 4). 
He supported the use of his button by claiming a 34% mortal- 
ity rate m patients with sutured anastomoses compared with 
an 8% mortality rate in patients who had undergone the 
button technique. The two halves of the Murphy button were 
insertedinto the gallbladder and duodenum and held in place 
by purse-string sutures. The two ends were then snapped 
together. forming a union between the two structures. The 
button sented the anastomosis for a variable period until the 
interven.ng tissue sloughed and the button was passed. Ko- 
cher, Robson, Pendl, and others also advocated its use.** 
Robson ased hollow segments of decalcified bone to briefly 
stent bilzoenteric anastomoses until the bone decomposed in 
several days. Complications with the Murphy button, such as 
hemorrhage; retention of the button in the biliary tree, lead- 
ing to recurrent obstruction; and anastomotic stricture fol- 
lowing premature passage, led to its widespread abandon- 
ment, although Walters continued to support its use as late as 
1930.8" 

Rubber, cobalt-chromium alloy (Vitallium), or silicone 
tubes in various shapes were used for internal anastomotic 
stenting since Terrier’s initial cholecystoduodenostomy. Vi- 
tallium was introduced as a substitute for rubber because of 
its low tissue reactivity. Bouncing clay or polymeric silicone 
was laterused, offering advantages over tubes of other mate- 
rials in that it could be readily cast into any shape.“ However, 
straight, indwelling tubes had several drawbacks, including 
premature dislodging after several days, especially if one end 
was exposed to the peristaltic action of the alimentary tract. 
This situation predisposed to early restricturing at the 
anastomcsis.** 

Severa. modifications were introduced to permit prolonged 
use of internal stents. In 1928, McArthur” reported using a 
long rubber tube with a reversed cuff in the end that he placed 
in the bile duct proximal to a hepatoduodenostomy (Table 4). 
The cuff ellowed the rubber tube to resist the peristaltic pull 
of the duedenum, controlling the length of stenting. The Y- 
tube was initially employed at the Lahey Clinic, Boston, 
Mass, in 7942. The Y-tube had two diverging limbs that were 
placed in the main hepatic ducts and a vertical limb for the 
common duct or jejunum. With the suggestion that longer 
periods cf stenting provided superior results, the Y-tube 
became tne preferred internal stent, because it often re- 
mained ireplace for years." 

In the 1950s, Vitallium tubes were modified to include a 
flange thet protruded through the anastomosis, securing it in 
place.” However, rigid Vitallium tubes were often difficult to 
insert inte angular segments of the biliary tree and occasional- 
ly eroded into the duodenum, causing hemorrhage, perfora- 
tion, and death.“ Both the Y- and Vitallium tubes often 
remained in place for years and became encrusted with 
sludge, leading to recurrent cholangitis. This situation fre- 


Bilioenteric Anastomosis — Ahrendt & Pitt 


juently required reoperation for removal or replacement of 
he tube.“ In the 2960s, Warren reported that the use of 
hese stents for proxima: duct strictures required reoperation 
‘or the removal of an-occluded stent in approximately 50% of 
yatients. "=" 

Tubes were also used to provide external drainage after 
surgery. In 1902, Robson” described the use of the straight 
uubber Nélaton catheter after choledochotomy as a stent and 
is a method for external drainage. A biliary tube with an 
axternal limb supplied a means of tube removal and allowed 
‘ontrol of the stenting period. In 1911, Voeleker™ described a 
echnique for stenting a bilioenteric anastomosis in which a 
ubber tube was used to stent a hepatoduodenostomy 
chrough a separate duocenal Witzel fistula and the abdominal 
wound. Although an improvement, this technique created the 
sotential for a persistent duodenal fistula and left the stent 
axposed to the peristaltic action of the small bowel. In 1912, 
Kehr introduced the T-tube as a method for both stenting the 
sommon bile duct after zholedochotomy and providing exter- 
nal drainage.” The T-tube has subsequently been used in a 
variety of bilioenteric anastomoses, although it is most effec- 
‘ive when the external limb is brought out proximal to the 
anastomosis. *"” 


In 1950, Lahey introduced a modification of the T- and 
internal Ytubes for proximal common bile duct strictures. 
His modified stent provided short proximal arms for both 
major intrahepatic ducts, a long vertical limb for the common 
hepatic duet, and a limb for external drainage and access to 
the biliary tree.“ In 1972, Warren et al™ described a modified 
Y-tube in which a solid external limb was created to prevent 
precipitation in the stagnant-side limb from causing occlusion 
of the internal portion of the stent. 

Transhepatic intubation of the biliary tree for the manage- 
ment of benign and malignant strictures was initially de- 
scribed by several authors, including Goetze and Pra- 
deri.”""* In 1951, Goetze” exteriorized the proximal end ofa 
long rubber tube through the parenchyma of the right hepatic 
lobe and brought the opposite end through a Witzel fistula ina 
Roux limb 15 em distal to a hepaticojejunostomy (Table 4). He 
later concluded that transhepatiec stents reliably prevented 
early anastomotic stricturing, could be securely held in place 
for prolonged periods, and could be removed or changed 
easily. © The technique was popularized in the English litera- 
ture by Smith.’” Further experience with long-term transhe- 
patic stenting has established it as a valuable technique. 
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Clinical Notes 


The Papillary-Cystic Neoplasm 


of the Pancreas 


An Increasingly Recognized Clinicopathologic Entity 


Juan A. Sanchez, MD; Kurt D. Newman, MD; Martin R. Eichelberger, MD; Russel J. Nauta, MD 


è The clinical course of the papillary-cystic neoplasm of the 
pancreas is contrasted with that of the pancreatic ductal adeno- 
carcinoma. The former occurs predominantly in young women, 
has a low malignant potential, and is highly curable with surgicai 
treatment. Three cases are reported that illustrate the typical 
clinical features and the indolent nature of the tumor. One case 
was discovered after blunt abdominal trauma resulted in rupture 
of the tumor and hemoperitoneum. All cases were treated by 
pancreatic resection with preservation of the spleen, an impor- 
tant consideration in younger patients. All patients were free of 
disease at long-term follow-up. Increasing awareness of this 
tumor has resulted in the reclassification of several tumors and 
should lead to better recognition by surgeons caring for patients 
with pancreatic diseases. 

(Arch Surg. 1990;125:1502-1505) 


D uctal adenocarcinoma is the most common neoplasm aris- 
ing from the pancreas. Usually seen in patients in their 
fifth and sixth decades of life, it has a distinct male predilec- 
tion and carries a poor prognosis despite all forms of therapy. 
In contrast, the papillary-cystic tumor of the pancreas seems 
to affect women almost exclusively, particularly in their sec- 
ond and third decades of life. Increasing awareness of this 
entity has resulted in the reclassification of several tumors 
previously misdiagnosed as cystic islet cell tumors and other 
pancreatic neoplasms. Three cases are reported, along with 
the salient clinicopathologic features of this tumor. Surgeons 
encountering papillary-cystic tumors of the pancreas should 
recognize their low malignant potential and their high curabil- 
ity with surgical treatment. 


REPORT OF CASES 


CASE 1.—A 21-year-old black woman was examined for a 6-month 
history of intermittent midepigastric pain and progressive epigastric 
fullness. She denied weight loss, anorexia, and changes in bowel 
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habits but noted increased fatigue. She denied previous abdominal 
trauma, and her medical history was otherwise unremarkable. 

On physical examination, a large, firm, nontender mass was palpa- 
ble in the epigastrium. Normal bowel sounds were present. The liver 
was not enlarged, and no other abdominal masses were noted. The 
patient was anicteric, and the remainder of the physical examination 
showed nothing abnormal. Her chemical and hematologic profiles 
were normal, including the serum bilirubin level. 

A plain abdominal roentgenogram and an upper gastrointestinal 
tract series demonstrated the displacement of the transverse colon by 
aspace-eccupying lesion in the upper abdomen. Visceral angiography 
showed shifting of vessels by the large mass but was otherwise 
unremarkable. A computed tomographic (CT) scan was obtained (Fig 
1), demonstrating a large cystic mass involving the head and body of 
the panereas. An endoscopic retrograde cholangiopancreatogram 
was performed to define the ductal anatomy and showed displace- 
ment of the pancreatic duct by the mass (Fig 2). 

At celiotomy, a large mass arising from the pancreas was con- 
firmed. There appeared to be no invasion of surrounding structures. 
A pancreatoduodenectomy (Whipple’s procedure) was performed 
with complete excision of the tumor (Fig 3). The mass measured 15 cm 
in diameter and, on sectioning, 1.6 L of dark fluid was evacuated from 
its cystic cavity. The lining of the cavity was irregular and contained 
firmly adherent clots. Histologic sections showed layers of uniform- 
appearing cells arranged in papillary fashion as well as several foci of 
hemorrhage coalescing into areas of cystic degeneration with irregu- 
lar walls. A rim of compressed pancreatic tissue was detected be- 
tween the tumor and the ampullary region of the duodenum. There 
was no indication of invasion of surrounding fibrovascular capsule by 
the tumor. Immunoperoxidase reactions for insulin, serotonin, gluca- 
gon, corticotropin, and carcinoembryonic antigen were negative. The 
neuron-specific enolase reaction was weakly positive. 

Based on the available clinical and pathologic data, a diagnosis of 
papillary-cystic neoplasm of the pancreas was made. Her postopera- 
tive convalescence was unremarkable. The patient has been followed 
up for 3 years by serial abdominal examinations and CT scans and has 
had no detectable recurrence. 

CASE 2.—A 14-year-old girl was examined for a 7-day history of 
abdominal pain and nausea. Physical examination revealed a large, 
tender, left upper quadrant abdominal mass separate from the 
spleen. A CT scan of the abdomen showed a 15 x 15-cm cystic mass 
in the distal pancreas. There was no evidence of distant metastases on 
preoperative studies. 

She underwent surgical exploration and was found to have a large 
mass in the distal pancreas. The pancreas was resected distal to the 
superior mesenteric vessels. The spleen was preserved. The patient 
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Fig 1.—Case 1. An abdominal computed tomographic scan shows a 
large cystic mass involving the head and body of the pancreas. 





Fig 2.—Case 1. Endoscopic retrograde cholangiopancreatography 
demonstrates splaying of the main pancreatic duct, with secondary 


ducts coursing through the substance of the mass. 
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Fig 3.—Case 1. Top left, Resected specimen 
shows the pancreatic mass in the vicinity of 
the duodenal sweep. Top right, Longitudinal 
sectioning of the duodenum demonstrates 
the effacement of the duodenum by the tu- 
mor. Bottom left, A sectioned view of the tu- 
mor demonstrates the cystic cavity, which 
contains hemorrhagic material adherent to its 
wall. The fibrovascular capsule is not invaded 
by the tumor, whose papillary growth pattern 
in the subcapsular regions is evident grossly. 
Fronds of tissue, cystic degeneration, and 
necrosis are also evident. 
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` AE 3 ae 
Fig 4.—Case 2. Light microscopic slide shows distinctive features of 
papillary-cystic neoplasm: sheets of well-differentiated cells on a fibro- 
vascular stalk, with hemorrhage (hematoxylin-eosin, original magnifi- 
cation x 140). 


recovered from the procedure uneventfully. Pathologic examination 
of the specimen demonstrated a papillary-cystic neoplasm of the 
pancreas with margins free of tumor (Fig 4). At 4 years’ follow-up, she 
remains clinically and roentgenographically free of recurrent disease. 

CASE 3.—A 13-year-old girl was struck on her left side while 
wrestling at a party. She was seen at another hospital, where she 
became hypotensive. After resuscitation with erystalloid solution 
and 2 U of blood, she was transferred to Childrens Hospital National 
Medical Center, Washington, DC. On physical examination, she had 
marked abdominal distention and tenderness. An abdominal CT sean 
showed a large mass in her distal pancreas. 

At celiotomy, a large, hemorrhagic mass measuring approximately 
10 cm in diameter was found in the distal pancreas without extension 
to other organs. A distal pancreatic resection was performed, and the 
spleen was preserved. Her postoperative course was unremarkable. 
Pathologic examination of the surgical specimen showed a papillary- 
cystic neoplasm of the pancreas (Fig 5). Although the tumor had 
ruptured, resulting in hemoperitoneum, the resection margins were 
free of disease and, at 4 years, she is clinically free of recurrent 
disease. 


COMMENT 


The papillary-cystic tumor of the pancreas is a rare and 
unique clinicopathologic entity that has only recently re- 
ceived attention. Though first described as a “papillary tumor 
of the pancreas” by Frantz’ in 1959, subsequent reports of this 
lesion have surfaced under various different names. The 
terms solid and papillary, papillary epithelial, and others 
noting its singular microscopic appearance have been em- 
ployed in describing this tumor. More recently, investigators 
have focused on the ultrastructural and immunohistochemical 
features in an attempt to delineate its cell of origin.’ Although 
fewer than 120 cases are reported in the literature, many of 
these newer reports include cases that, while originally misdi- 
agnosed, have been reevaluated in light of greater awareness 
of the existence of this tumor. Based on this observation,’ it is 
conceivable that the actual incidence of the papillary-cystic 
tumor is much greater than anticipated. 

The tumor is seen in patients in their second and third 
decades of life, with a mean age of 22 years. Most cases have 
occurred in female patients, and more than half of the patients 
have been 18 years old or younger. There also seems to be a 
racial predilection, with almost half of the cases occurring in 
blacks. These demographics are in contradistinction to the 
commonly encountered adenocarcinoma of the pancreas, 
which is seen more commonly in men in their later decades of 
life, although it also appears to have a predilection for 
blacks.“ 
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se : 
Fig 5.—Case 3. Electron microscopic view shows acinar differentia- 
tion wita cells arranged about a central pale lumen and abortive 
microvilius formation. Neurosecretory granules, located centrally, are 
suggestive of pluripotent cell lineage. 


Most patients describe a slowly enlarging, nontender, up- 
per abdominal mass. Many patients are completely asymp- 
tomatic, however, and the lesions are detected either-after 
surgical evaluation for unrelated conditions or at autopsy. 
Rupture of the tumor with hemoperitoneum brought atten- 
tion to its presence in one of our patients as well as in one other 
reported case." Abdominal pain, though present in only 25% of 
patients, is the second most common complaint.’ 

On physical examination, a large, smooth mass is usually 
palpable in the upper abdomen, commonly in the left upper 
quadrant. The mass appears fixed to the retroperitoneum and 
is not tender. Jaundice is rare, even in tumors that originate 
from the head of the pancreas, as in patient 1. No other 
abnormalities on examination are typically found. 

The diagnosis of the papillary-cystic tumor may be sug- 
gested by its appearance on various imaging modalities and is 
corrobcrated by the clinical history. Plain abdominal roent- 
genography may be normal or may show displacement of the 
normal bowel gas pattern. Despite the slow-growing nature 
of the tamor and the presence of multiple hemorrhagic areas, 
calcifications within the large mass are rarely encountered. 
When present, however, they are peripheral and curvilinear, 
as compared with the sunburst pattern described for micro- 
cystic adenomas.’ Ultrasonography may identify the cystic 
and solid components, which are characteristic. However, the 
most helpful study is the CT scan (Fig 1), which is able to 
identify the areas of cystic degeneration, helps determine size 
and configuration of the mass, and defines the pancreatic 
anatomy as well as the presence of invasion into surrounding 
structures. 

Ever in young women, other cystic lesions afflicting the 
pancreas should be considered. The differential diagnosis 
includes other neoplasms such as cystadenomas, cystadeno- 
carcinomas, microcystic adenomas, hemangiomas, lymphan- 
giomas, various forms of sarcomas, and the rare cystic islet 
cell tumors, with which papillary-cystic neoplasms are often 
confused histologically." The cystadenoma and its malignant 
counterpart may be distinguished by the presence of a cyst 
wall lined by flat cuboidal or columnar cells, whereas the 
papillary-cystic neoplasms capsule is fibrovascular.” These 
lesions, like the papillary-cystic tumor, have a striking female 
predilection. Whether this represents a hormonal influence is 
not entirely known. Estrogen and progesterone receptors, 
not present in the normal pancreas, have recently been de- 
tected in the papillary-cystic neoplasm.” In islet cell tumors, 
by contrast, the sex ratio seems to be equal. Functional 
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endocrine tumors may be identified by the detection of ele- 

vated levels of insulin, gastrin, somatostatin, serotonin, glu- 
„cagon, vasoactive intestnal polypeptide, corticotropin, or 

pancreatic polypeptide. However, endocrine tumors of the 

pancreas, whether functional or not, are usually solid, even 
when large, with rare-cases of cystic degeneration.” Nonneo- 
- plastic cystic lesions ef tne pancreas are quite common and 
~ should also be considered. 

Fine-needle aspiration biopsy has been recently employed 
« to diagnose these tumors preoperatively. This may be accom- 

plished percutaneously with or without sonographic or CT 
~ guidance. This procedure may yield clumps of cell layers 
showing the singular branching papillary pattern as well as 
the associated perivaseuilar myxoid material often found with- 
in these tumors.” 

Grossly, these broad-based tumors can achieve sizes as 
large as 20 cm.’ They are asually vascular and contain numer- 
ous areas of hemorrhagic necrosis. Commonly, the mass origi- 
nates in the tail of the pancreas. On cut section, cystic and 
solid areas are intermixed, and hemorrhagic fluid is obtained. 
The blood supply is entirely derived from the pancreas itself. 
` The histologic appearance varies throughout the different 
areas of the lesion. The selid component shows sheets of cells 
that mimic the pattern seen with endocrine neoplasia.” In- 
deed, many such tumors have been classified as a nonfunction- 
al islet cell tumors and have only been reevaluated on the 
basis of an increased awareness of this entity.’ However, 
~~ neurosecretory granules are infrequently identified on elec- 
tron microscopy, and cystic islet cell tumors, as stated earlier, 

_ are rare. Other areas from the same specimen will show the 
characteristic branchmg papillary fronds of a fibrovascular 
stalk, while yet other areas show cystic degeneration, necro- 
sis, and hemorrhage.” 

The cell of origin of the papillary-cystic neoplasm is elusive. 
Ultrastructural features have suggested at least partial aci- 
_ nar differentiation, and some investigators have proposed 


lineage from the cells ef the small pancreatic ducts. ™" Howev- 


er, neurosecretory granules on electron microscopy have 
been detected in some cases, and it is postulated that this 
neoplasm originates from a pluripotent cel aye 

These tumors are considered malignant because of their 
potential for invasion of the fibrovascular capsule as well as 
the ability for metastatic spread. Invasion of the tumor into 
surrounding structures such as the duodenum and portal vein 
has been described, but descriptions of tumors exhibiting 
such “aggressive behavior” are scant. + Although infrequent, 
distant metastasis has been reported in the lung, liver, and 
skin and has been the cause of some deaths.’ However, com- 
plete surgical resection is usually curative, with no long-term 
recurrences in most cases. Even metastatic disease and local 
recurrences are amenable to surgical treatment, with good 
long-term results. *® The surgical approach depends on the 
location of the lesion. Tumors arising from the tail of the 
pancreas can be excised by distal pancreatectomy with pres- 
ervation of the spleen, an important consideration in younger 
patients. Proximal lesions may require pancreatoduedenec- 
tomy, as in patient 1. Complete removal of all tumor, howev- 
er, is mandazory to achieve a cure. 

Recently, radiotherapy has provided complete regression 
of this tumor in a small number of patients.” Although the role 
of this modality in the treatment of papillary-cystie tumors of 
the pancreas is unclear, it implies that some tumors may be 
radiosensitive and suggests the use of radiation in cases of 
direct invasion where complete extirpation is not feasible. 

The dismal course of ductal adenocarcinoma of the pancreas 
has prompted some to abandon talk of cure and suggest 
nihilism or palliative bypass as the best operative approach. 
With 5-year survival rates of 5% to 10%, the prognosis of this 
more common solid neoplasm must be distinguished from that 
of the papillary-cystie neoplasm of the pancreas. The latter, 
oceurring primarily in young women, is of insidious onset, 
behaves indelently, is often resectable, and thus merits care- 
ful attention to differential diagnosis and a surgical approach 
aimed at cure. 
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Extrahepatic Biliary Obstruction 


by Lymphoma 
R Feller, MD, FredJ. Schiffman, MD 


© Extrinsic compression of the common bile duct by enlarged 
lymph nodes is an unusual cause of obstructive jaundice. We 
describe two patients with such a manifestation of lymphoma 
“and the use of endoscopic retrograde cholangiopancreatog- 
-raphy in distinguishing this rare complication from other causes 
‘of jaundice in lymphoma. Patients may have rapid resolution of 
both symptoms anc biochemical abnormalities by nonoperative 
biliary bypass combined with chemotherapy and/or radiothera- 
py. Lymphomatous obstruction should be considered a cause of 
potentially treatable jaundice in patients with known lymphoma; 
endoscopic retrograde cholangiopancreatography can be valu- 
able as a diagnostic and therapeutic tool. 
(Arch Surg. 1990;125:1507-1509) 


L ymphomatous obstruction of the extrahepatic biliary 
~ AA system is a rare cause of jaundice and is an unusual 
manifestation of non-Hodgkin's lymphoma. Most commonly, 
jaundice in these patients is due to hepatic involvement.” 
Less frequently, intrahepatic cholestasis, primary hepatic 
lymphoma, intercarrent viral infection, or toxic hepatitis due 
to drug treatment, as well as extrahepatic obstruction, may 
also occur.** We have recently seen two patients with known 
lymphoma who developed severe jaundice due to extrinsic 
compression of the common bile duct by enlarged lymphoma- 
tous lymph nodes: In both cases, endoscopic retrograde cho- 
. langiopancreatography (ERCP) was vital for accurate clinical 
‘assessment and appropriate individualized management. 
This report discusses the evaluation and management of the 
-unusual occurrence of extrahepatic obstruction in lymphoma. 


REPORT OF CASES 


CASE 1.—An 81-year-old woman was admitted to the hospital in 
October 1985, with jaundice of 1 day's duration. Cholecystectomy for 
acute cholecystitis had been done in 1984. In May 1985, she had a 
groin tumor diagnosed as stage IA mixed lymphocytic histiocytic 
lymphoma. She was treated with 2 mg of chlorambucil daily, with 
complete resolution until her current admission. 

On admission to-the hospital, physical examination results were 
unremarkable excep: fer jaundice. Pertinent laboratory data includ- 
ed the following values:alkaline phosphatase, 660 [U/L (normal, 48 to 
122 IU/L); y-glutamyl transpeptidase, 510 U/L (normal, 8 te 78 U/L); 
total bilirubin, 212 mol/L with a direct fraction of 155 pmol/L; and 
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aspartate aminotransferase, 141 IU/L (normal, 13 to 47 U/L) A 
computed tomographic (CT) sean of the abdomen (8800 CTT, Gener- o 
al Electric Co, Milwaukee, Wis) demonstrated dilated intrahepatic- 
bile ducts with a mass in the porta hepatis. Endoscopic retrograde 
cholangiopancreatography (JF-B 1T, Olympus Corp, Lake Success; ` 
NY) revealed no filling of the left hepatic duct and a stricture with 
mass effect of the proximal common bile duct at the origin oftheright 
and left hepatic ducts (Fig 1). Computed tomography-guided percu- 
taneous biopsy revealed lymphoma of the same cell type as the | 
original tumor. A percutaneously placed stent produced drainage of 
bile. Limited field radiation produced regression of the jaundice and 9 
normalization of other liver function abnormalities. She then devel- 
oped disseminated disease and was treated with chemotherapy but 
died 6 months later. se 
CASE 2.— A 61-year-old man was admitted to the hospitalin Mareh © 
1985, with a 10-day history of jaundice without pain or fever. In 1977, 
excision of an enlarged left inguinal lymph node revealed a well- 
differentiated stage I lymphocytic lymphoma that resolved complete- 
ly with chemotherapy and radiotherapy. In 1980, he was readmitted’. 
with abdominal pain. Staging evaluation, including laparotomy, re- oe 
vealed a stage III lymphocytic lymphoma, and he was treated with i 
bleomycin sulfate, doxorubicin hydrochloride, cyclophosphamide, 
and vincristine sulfate for six cycles. He was well until his admission 
with jaundice. Results of physical examination at that time were 
unremarkable except for jaundice. Pertinent laboratory data includ- 
ed the folowing values: alkaline phosphatase, 920 U/L; y-glutamy! 
transpeptidase, 980 U/L; aspartate aminotransferase, 218 U/L: and 
bilirubin, 109 pmol/L (direct) and 144 pmol/L: (total). Abdominal 
ultrasound examination revealed dilated intrahepatic bile ducts with- 
out pancreatic enlargement or evidence of liver metastasis. On the 
second hospital day, he developed a temperature of 39.6°C, Endo- 
scopic retrograde cholangiopancreatography (Fig 2) revealed a com- 
mon bile duct that was splayed and narrowed in multiple areas, 
consistert with extrinsic compression by enlarged lymph nodes. He 
was treated with cyclophosphamide, bleomycir, procarbazine hydro- 
chloride, and prednisone, with complete resol tion of jaundiee, no 
further temperature elevations, and normali: ition of other liver 
function studies. He died in September 1985 of disseminated lympho- 
ma without recurrence of jaundice. 


COMMENT 


Extrahepatic obstruction is an unusual feature of lympho- 
ma. In one series of 370 patients, only 5 (1.3%) develope 
extrahepatic obstruction.’ Both of our patients had clinical 
biochemical, and roentgenographie evidence of cholestatic — 
jaundice due to biliary obstruction. In both cases, CT or 
ultrasound revealed dilated bile ducts; however, the exact 
nature and site of obstruction were imprecise. In both cases, 
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Fig 1.—Endoscopic retrograde cholangiopancreatography (case 1) 
shows an irregular stricture of the proximal common bile duct (arrow). 


prior to ERCP, other diagnostic possibilities existed; these 
included biliary obstruction due to encroachment by a pancre- 
atic malignancy encasing the intrapancreatic portion of the 
common bile duct, cholangiocarcinoma, sclerosing cholangi- 
tis, and, in case 2, benign obstruction due to a common duct 
stone. Endoscopic retrograde cholangiopancreatography de- 
lineated the site of obstruction and aided localization of the 
lesion for percutaneous biopsy in case 1 and demonstrated the 
nature of the obstruction in case 2. 

Biliary involvement by lymphoma may occur by varied 
mechanisms. Primary histiocytic lymphoma of the pancreas 
involving the common bile duct by direct extension has been 
described.’ Primary gastrointestinal lymphoma obstructing 
the bile duct at the ampulla of Vater has also been reported.’ 
Intrinsic biliary obstruction by a diffuse lymphohistiocytic 
lymphoma arising in the bile duct has been documented to 
produce jaundice by direct growth, blocking the lumen of the 
duct." However, most commonly lymphomatous nodes extrin- 
sically compress the extrahepatic bile duct.°°” 

The basic diagnostic modalities to assess biliary tract ob- 
struction are ultrasound and CT. Either technique is excel- 
lent at detecting bile duct dilatation indicating obstruction, 
but neither is uniformly successful in delineating the site and 
nature of obstruction." A problem in evaluating jaundice is 
that both ultrasound and CT can fail to detect minimal or 
localized duct dilatation. A further limiting factor is that the 
bile duct has a variable capacity for distensibility, and ob- 
struction without dilatation of ducts can oecur and be uniden- 
tified by imaging techniques.” In the lymphoma patient with 
unexplained jaundice and normal-sized bile ducts identified 
by CT or ultrasound, partial biliary tract obstruction must 
remain a diagnostic consideration. Accurate assessment by 
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Fig 2.—Endoscopic retrograde cholangiopancreatography (case 2) 
shows a splayed common bile duct with multiple areas of narrowing 
(arrows) indicating extrinsic compression. 


direct cholangiography may obviate the need for further eval- 
uation, including percutaneous liver biopsy or laparotomy, in 
addition to preventing diagnostic error. Endoscopie retro- 
grade cholangiopancreatography may also be useful for endo- 
scopic biopsy of primary small-bowel lymphoma producing 
biliary obstruction by direct blockage of the ampulla of Vater. 
Placement of endoscopic stents bypassing the obstruction 
permanently or temporarily while treatment is instituted is 
also possible.” It may, however, be impossible at times to 
distinguish between extrinsic obstruction by large nodes or 
intrinsic obstruction by an intraductal tumor. In the patient 
having received prior radiotherapy to that area, the possibili- 
ty of radiation-induced biliary stricture should also be consid- 
ered.” Stenotie biliary disease due to Cryptosporidium or 
cytomegalovirus has recently been described in the acquired 
immunodeficiency syndrome and is a potential, though as yet 
unreported, complication in the patient who is immunosup- 
pressed because of lymphoma." 

Extrahepatic biliary obstruction due to other malignancies, 
notably breast,” colon,” hepatoma,” and small-cell carcinoma 
of the lung, “has been reported as well. In certain cases, these 
tumors respond to specific chemotherapy, radiotherapy, or 
surgical bypass. Effective palliation may sometimes be 
achieved." The sensitivity of some non-Hodgkin’s lympho- 
mas to radiation or chemotherapy suggests that recognition 
of obstruction may be of considerable clinical benefit in 
selected patients. 

Patient 2 manifested an indolent non-Hodgkin’s lymphoma 
based on the National Cancer Institute (NCI) clinical sche- 
ma.” Treatment of such subsets with low-grade histologic 
features is a matter of some controversy. While long-term 
survival of most patients is the rule, many authors believe 
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that there are no treatments for patients with any stage of 
indolent lymphoma that result in cure.” Patient 2 with stage I 
well-differentiated lymphocytic lymphoma (Rappaport clas- 
sification) or small lymphocytic lymphoma (NCI Working 
Formulation) went irto a complete remission with chemo- 
therapy and radiation therapy, but recurrence of such a sub- 
type was expected. When it did recur 3 years after presenta- 
tion, a more aggressive chemotherapeutic approach was 
used. Five years later, a second recurrence, this time involv- 
ing the common bile duct, was documented and once again an 
aggressive chemotherapeutic regimen was used. In this situ- 
ation, the expectation of cure was small, although information 
is accumulating that supports the use of intensive combina- 
tion chemotherapy for advanced stage, indolent lymphomas.” 
The situation with more aggressive non-Hodgkin's lympho- 
mas differs from that of the indolent non-Hodgkin’s lympho- 
‘mas since (seemingly paradoxically) there is the expectation 
of cure approximately one half of the time with intensive 
combination chemotherapeutic regimens.” In case 1, a dif- 
fuse, mixed, lymphoeytic, histiocytic, stage IA lymphoma 
(Rappaport and NCI working formulation) was treated with 
single-agent chemotherapy initially, but rapidly developed 
more disseminated disease. Limited field radiation therapy 
produced regression of jaundice but disseminated disease 
developed and was refractory to chemotherapy. It might 


have been more appropriate to use a combination chemo- 
therapy regimen early on, and many such are available and 
successful with low levels of toxic effects even in the elderly. 
Such regimens contain cyclophosphamide, doxorubicin, eto- 
poside, methotrexate sodium, prednisone, mechlorethamine 
hydrochloride, vincristine, procarbazine (Pro-MACE-MOPP 
flexitherapy); or cyclophosphamide, doxorubicin, vincristine, 
bleomycin, methotrexate, dexamethasone therapy (m-BA- 
COD); or cyclophosphamide, doxorubicin, vineristine, and 
prednisone (CHOP). 

The possibility of biliary obstruction should be considered 
in patients with lymphoma who also have jaundice or cholan- 
gitis. Similarly, biliary involvement by a lymphoma is a con- 
sideration in selected cases of unexplained cholestasis. The 
limited experience described herein suggests that ERCP is 
useful in demonstrating the site and nature of biliary obstruc- 
tion in lymphoma; specific therapy may provide effective 
relief of jaundice and pruritus and reduce the risk of cholangi- 
tis. However, both our patients died within 7 months of 
developing extrahepatic obstruction, despite complete and 
continued resolution of jaundice. This poor prognosis is simi- 
lar to the experience described by Boddie et al.* All five of 
their patients with this complication of lymphoma died within 
6 months of onset of obstruction. Biliary obstruction may thus 
suggest a poor prognosis in non-Hodgkin's lymphoma. 
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may be advi:able. Other causes of colitis should also be considered. 
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Lung Cancer Chronicles, by John A. Meyer, 
233 pp, with illus, $35 (cloth), $10 (paper), New 
Brunswick, NJ, Rutgers University Press, 1990. 

John A. Meyer, PhD, has written an 
up-to-date and informative book about 
lung cancer intended for the layman. 
The book is a combination of case histor- 
ies, science, opinions, epidemiology, 
and the fictional physician Bill Hunter. 
While it contains fictional characters, 
the book is not a novel; it has no plot, 
beginning, or end. Treatment modal- 
ities presented in the text follow epide- 
miologic data, and clinical relationships 
are presented through the interspers- 
ing of anecdotal cases from the begin- 
ning of the book. 

In his book, Meyer places great em- 
phasis on the hazards of smoking. He 
points out that most lung cancers are 
preventable, preferably by never smok- 


ing rather than by stopping ence one has 
started, although the latter is benefi- 
cial. He mentions the financial and polit- 
ical aspects of growing tobacco and sum- 
marizes in chapter 16, perhaps too 
briefly, some of the court cases relating 
to product liability and the tobacco 
industry. 

The statistical explanations through- 
out the text are often oversimplified. 
Some discussions of principles seem 
convoluted. The book is referenced like 
a medical journal article. The appendix- 
es and glossary are useful but are more 
suggestive of beginning seience than 
anything else. 

Asa minor criticism, I take issue with 
the evaluation of some of Meyer's fic- 
tional patients. Mediastinoscopy is car- 
ried out far too often, even m one situa- 
tion where there is already widespread 


Correspondence and Brief Communications 


Intestinal Fistulas and the Open Man- 
agement of the Septic Abdomen 


To the Editor.—In the June 1989 issue of 
the ARCHIVES, Mastboom et al’ de- 
scribed what they call “noniatrogenic” 
small-bowel perforations of “unknown 
or uncertain” cause, which developed in 
14 patients treated by open treatment 
who underwent 3 to 17 laparotomies, 
and claim that the “occurrence of intes- 
tinal perforation during open treatment 
has not been described so far.” 

In fact, the article by Mastboom et al 
deals with a well-known and document- 
ed entity. Intestinal fistulas commonly 
develop in the frequently laparotomized 
abdomen due to the repeated mobiliza- 
tion and separation of bowel involved in 
the obliterative process. Commonly, 
the end result of repeated explorations 
is an abdominal-wall defect with multi- 
ple intestinal fistulas in its base. Sitges- 
Serra et al’ pointed out the poor progno- 
sis of this entity, which in their 
experience carried a mortality rate of 
60%. Levy et al’ reported 120 cases of 
“exposed” intestinal fistulas opening 
into an abdominal evisceration, includ- 
ing 24 “wall-to-bowel” fistulas second- 
ary to external trauma on a superficial 
intestinal loop. Similarly, “spontane- 
ous” intestinal perforations are dreaded 
complications of open treatment.‘ The 
introduction of a polypropylene mesh 
(Marlex mesh) in open treatment, as 
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used by Mastboom and associates, has 
minimized the risk of fistulization. How- 
ever, fistulization does occar, particu- 
larly when there is delay in mesh remov- 
al and skin grafting.’ Recently, we 
reported our experience wita 43 cases of 
gastrointestinal fistulas asscciated with 
a large abdominal-wall defect; in 19 
cases, this defect was created intention- 
ally by open treatment.’ Intestinal leaks 
occur, in such a set-up, as a result of 
exposure injury, dehiscence of preexist- 
ing suture lines (even after many days), 
and trauma of abdominal reentry. 

I must also disagree witt the thera- 
peutic recommendations suzgested by 
Mastboom et al, who claimec that resec- 
tion of the intestinal defects with prima- 
ry anastomosis resulted in the “success” 
of 18% recurrences, followed by an 
overall mortality rate of 65%. I believe 
that the distance of the fistalous open- 
ing in the bowel from the surface of the 
abdominal-wall defect and tke condition 
of the peritoneal cavity have bearing on 
the treatment modalities. When the in- 
testinal perforation is loceted in the 
depth of the infected abdominal defect, 
the prolonged contact of large peritone- 
al surfaces with gastrointestinal con- 
tents allows increased absorption of 
toxic products perpetuating the septic 
state and organ failure. In sach a situa- 
tion, in my experience, the only surgical 
option to salvage the patientis a prompt 
diversion of the intestinal leak away 


metastatic disease. Magnetic resonance 
imaging gets nary a mention. 

This book contains a good deal of per- 
tinent information. Patients with lung 
cancer or their families might find the 
book useful. As Meyer correctly points 
out, however, “Its words should not 
ever be relied upon above or in place of 
the advice of a personal physician.” The 
book seems very appropriate for a high 
school student looking for source mate- 
rial for a report on lung cancer, and a 
wider lay audience will appreciate it. It 
is too elementary for thoracic surgeons 
or pulmonologists, but other physicians 
who treat patients with lung cancer may 
find it useful. 


JAMES B. D. Mark, MD 
Stanford, Calif 


from the defect, with a proximal enter- 
ostomy. In patients who present, usual- 
ly later, with “exposed fistulas” near the 
surface of the defect and in whom the 
peritoneal cavity is clean and sealed 
away from the intestinal contents, the 
expectant approach is indicated. Early 
resection and the creation of anasto- 
moses (as suggested by Mastboom et 
al), leaving the suture-line exposed or 
under the skin grafts, carries disastrous 
results. Consequently, my approach is 
to leave these patients “untouched” for 
at least 6 months receiving total paren- 
teral nutrition. Reestablishment of gas- 
trointestinal continuity is undertaken in 
an anabolic patient through a healed and 
pliable abdominal wall; easy and safe 
resection and anastomoses of the fistu- 
lating bowel are performed after the 
dissolution of the peritoneal obliterative 
process. In addition, the bowel remains 
well covered by the abdominal wall, 
which is reconstructed at the same time. 


MOSHE SCHEIN, MD, FCS(SA) 
Johannesburg, South Africa 
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THE RESPIRATORY SEASON MEANS 


TOUGH PATIENTS, 
TOUGH PATHOGENS... 


* Achieves 96% favorable clinical response ton + improvement) of 
infections due to susceptible strains of indicated pathogens. See indi- 
cated organisms in prescribing information. 


t In vitro activity does not necessarily imply’@ corfelatiorwith in vivo results. 


NOTE: Concurrent administration of ciprofloxacin with theophylline may lead | 
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IN LOWER RESPIRATORY INFECTIONS 


CIPRO 

MAKES A TOUGH 
THERAPEUTIC 
CHOICE EASIER. 


Treating patients with 
lower respiratory 
infections is often a 
challenge. 


These patients may smoke or drink 
excessively, or have underlying con- 
ditions such as COPD. 


They could be elderly or immuno- 
compromised or live in nursing 
homes where they are constantly 
exposed to multiple organisms. 


Too often, they may have a history 
of repeated antibiotic use that has 
proven ineffective against their 
lower respiratory infections. 

So, how do you manage these tough 
patients during the respiratory season? 


By prescribing the “tough” agent that achieved 96% clinical 
success in pneumonia, bronchitis, and bronchiectasis.** 


By prescribing Cipro". 


=D 
(cjorofioxacin HCI/Viles) 


The most potent fluoroquinolone. 
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Cipro 2 


Cjorofloxacin HOVMIles 


CIPRO® TABLETS 
(ciprofloxacin HCI/Miles) 


BRIEF SUMMARY 
CONSULT PACKAGE INSERT FOR FULL PRESCRIBING INFORMATION 


INDICATIONS AND USAGE 
Cipro® is indicated for the treatment of infections caused by susceptible strains of the designated microorganisms in 
the conditions listed below 
Lower Respiratory Infections caused by Escherichia coli. Klebsiella pneumoniae, Enterobacter cloacae, Proteus 
mirabilis. Pseudomonas aeruginosa. Haemophilus influenzae. Haemophilus paraintluenzae. and Streptococcus 
pneumoniae 
Skin and Skin Structure Infections caused by Escherichia coli. Klebsiella pneumoniae. Enterobacter cloacae 
Proteus mirabilis. Proteus vulgaris, Providencia stuart. Morganella morgani, Citrobacter freundi, Pseudomonas 
aeruginosa. Staphylococcus aureus, Staphylococcus epidermidis. and Streptococcus pyogenes 
Bone and Joint Infections caused by Enterobacter cloacae, Serratia marcescens. and Pseudomonas aeruginosa 
Urinary Tract Infections caused by Escherichia coli. Klebsiella pneumoniae. Enterobacter cloacae. Serratia mar- 
cescens. Proteus mirabilis. Providencia rettgeri. Morganella morganii, Citrobacter diversus. Citrobacter freundi 
Pseudomonas aeruginosa. Staphylococcus epidermidis. and Streptococcus faecalis 
Infectious Diarrhea caused by Escherichia coli (enterotoxigenic strains). Campylobacter jejuni. Shigella flexneri,” 
and Shigella sonnei* when antibacterial therapy ıs indicated 
*Efficacy for this organism in this organ system was studied in fewer than 10 infections 
CONTRAINDICATIONS 
A history of hypersensitivity to ciprofloxacin is a contraindication to its use. A history of hypersensitivity to other 
quinolones may also contraindicate the use of ciprofloxacin 
WARNINGS 
CIPROFLOXACIN SHOULD NOT BE USED IN CHILDREN, ADOLESCENTS, OR PREGNANT WOMEN. The oral admin- 
istration of ciprofloxacin caused lameness in immature dogs. Histopathological examination of the weight-bearing 
joints of these dogs revealed permanent lesions of the cartilage. Related drugs such as nalidixic acid, cinoxacin, and 
norfloxacin also produced erosions of cartilage of weight-bearing joints and other signs of arthropathy in immature 
animals of various species (SEE ANIMAL PHARMACOLOGY SECTION IN FULL PRESCRIBING INFORMATION). 
PRECAUTIONS 
General: As with other quinolones. ciprofloxacin may cause central nervous system (CNS) stimulation, which may 
lead to tremor. restlessness. lightheadedness. confusion. and rarely to hallucinations or convulsive seizures. There- 
fore. ciprofloxacin should be used with caution in patients with known or suspected CNS disorders, such as severe 
cerebral arteriosclerosis or epilepsy. or other factors which predispose to seizures (SEE ADVERSE REACTIONS) 

Anaphylactic reactions following the first dose have been reported in patients receiving therapy with quinolones 
Some reactions were accompanied by cardiovascular collapse, loss of consciousness, tingling, pharyngeal or facial 
edema. dyspnea, urticaria. and itching. Only a few patients had a history of hypersensitivity reaction. Anaphylactic 
reactions may require epinephrine and other emergency measures. Ciprofloxacin should be discontinued at the first 
sign of hypersensitivity or allergy 

Severe hypersensitivity reactions characterized by rash. fever. eosinophilia, jaundice. and hepatic necrosis with 
fatal outcome have been reported rarely (less than one per million prescriptions) in patients receiving ciprofloxacin 
along with other drugs. The possibility that these reactions were related to ciprofloxacin cannot be excluded 
Ciprofloxacin should be discontinued at the first appearance of a skin rash or any sign of other hypersensitivity 
reaction 

Crystals of ciprofloxacin have been observed rarely in the urine of human subjects but more frequently in the urine 
of laboratory animals (SEE ANIMAL PHARMACOLOGY SECTION IN FULL PRESCRIBING INFORMATION) 
Crystalluria related to ciprofloxacin has been reported only rarely in man, because human urine is usually acidic 
Patients receiving ciprofloxacin should be well hydrated. and alkalinity of the urine should be avoided. The 
recommended daily dose should not be exceeded 

Alteration of the dosage regimen is necessary for patients with impairment of renal function (SEE DOSAGE AND 
ADMINISTRATION) 

As with any potent drug. periodic assessment of organ system functions, including renal. hepatic, and 

hematopoietic function, is advisable during prolonged therapy. 
Drug Interactions: As with other quinolones, concurrent administration of ciprofloxacin with theophylline may lead to 
elevated plasma concentrations of theophylline and prolongation of its elimination half-life This may result in 
increased risk of theophylline-related adverse reactions. If concomitant use cannot be avoided, plasma levels of 
theophylline should be monitored and dosage adjustments made as appropriate 

Quinolones, including ciprofloxacin. have also been shown to interfere with the metabolism of caffeine. This may 
lead to reduced clearance of caffeine and a prolongation of its plasma half-life 

Antacids containing magnesium hydroxide or aluminum hydroxide may intertere with the absorption of ciproflox- 
acin resulting in serum and urine levels lower than desired: concurrent administration of these agents with 
ciprofloxacin should be avoided 

Concomitant administration of the nonsteroidal anti-inflammatory drug fenbufen with a quinolone has been 
reported to increase the risk of CNS stimulation and convulsive seizures 

Probenecid interferes with the renal tubular secretion of ciprofloxacin and produces an increase in the level of 
Ciprofloxacin in the serum. This should be considered if patients are recerving both drugs concomitantly. 

As with other broad-spectrum antibiotics, prolonged use of ciprofloxacin may result in overgrowth of nonsuscepti- 
ble organisms. Repeated evaluation of the patient's condition and microbial susceptibility testing is essential. If 
superinfection occurs during therapy, appropriate measures should be taken 
Information for Patients: Patients should be advised that ciprofloxacin may be taken with or without meals. The 
preferred time of dosing is two hours after a meal. Patients should also be advised to drink fluids liberally and not take 
antacids containing magnesium or aluminum 

Patients should be advised that ciprofloxacin may be associated with hypersensitivity reactions, even following a 
single dose, and to discontinue the drug at the first sign of a skin rash or other allergic reaction 

Ciprofloxacin may cause dizziness or lightheadedness: therefore patients should know how they react to this drug 
before they operate an automobile or machinery or engage in activities requiring mental alertness or coordination 

Patients should be advised that ciprofloxacin may increase the effects of theophylline and caffeine 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Eight in vitro mutagenicity tests have been conducted with 
ciprofloxacin and the test results are listed below: 

Salmonella/Microsome Test (Negative) 

E. coli DNA Repair Assay (Negative) 

Mouse Lymphoma Cell Forward Mutation Assay (Positive) 

Chinese Hamster V7q Cell HGPRT Test (Negative) 

Syrian Hamster Embryo Cell Transformation Assay (Negative) 

Saccharomyces cerevisiae Point Mutation Assay (Negative) 

Saccharomyces cerevisiae Mitotic Crossover and Gene Conversion Assay (Negative) 

Rat Hepatocyte DNA Repair Assay (Positive) 
Thus, two of the eight tests were positive, but the results of the following three in vivo test systems gave negative 
results 

Rat Hepatocyte DNA Repair Assay 

Micronucleus Test (Mice) 

Dominant Lethal Test (Mice) 
Long-term carcinogenicity studies in rats and mice have been completed. After daily oral dosing for up to 2 years 
there is no evidence that ciprofloxacin had any carcinogenic or tumorigenic effects in these species 
Pregnancy—Pregnancy Category C: Reproduction studies have been performed in rats and mice at doses up to 6 
times the usual daily human dose and have revealed no evidence of impaired fertility or harm to the fetus due to 
ciprofloxacin. In rabbits, as with most antimicrobial agents, ciprofloxacin (30 and 100 mg/kg orally) produced 


IN LOWER RESPIRATORY INFECTIONS 


CIPRO MAKES A TOUGH 
THERAPEUTIC CHOICE EASIER. 


gastrointestin.| disturbances resulting in maternal weight loss and an increased incidence of abortion. No terato- 
genicity was œserved at either dose. After intravenous administration, at doses up to 20 mg/kg, no maternal toxicity 
was producec and no embryotoxicity or teratogenicity was observed. There are, however, no adequate and well- 
controlled studies in pregnant women, SINCE CIPROFLOXACIN, LIKE OTHER DRUGS IN ITS CLASS, CAUSES 
ARTHROPATHY IN IMMATURE ANIMALS, IT SHOULD NOT BE USED IN PREGNANT WOMEN (SEE WARNINGS). 
Nursing Mothers: It is not known whether ciprofloxacin is excreted in human milk, however, it is known that 
ciprofloxacin 3 excreted in the milk of lactating rats and that other drugs of this class are excreted in human milk. 
Because of ths and because of the potential for serious adverse reactions from ciprofloxacin in nursing infants, a 
decision shoud be made to discontinue nursing or to discontinue the drug, taking into account the importance of the 
drug to the mether. 
Pediatric Use: Patients under the age of 18 were not included in the clinical trials of ciprofloxacin because 
ciprofloxacin zs well as other quinolones causes arthropathy in immature animals. Ciprofloxacin should not be used 
in children or adolescents (SEE WARNINGS). 
ADVERSE REACTIONS 
Ciprofloxacin 5 generally well tolerated. During clinical investigation, 2,799 patients received 2,868 courses of the 
drug. Adverse-events that were considered likely to be drug related occurred in 7.3% of courses, possibly related in 
9 2%, and remotely related in 3.0%. Ciprofloxacin was discontinued because of an adverse event in 3.5% of courses, 
primarily inveving the gastrointestinal system (1.5%), skin (0.6%), and central nervous system (0.4%). Those 
events typicalof quinolones are italicized 
The most frequently reported events, drug related or not, were nausea (5.2%), diarrhea (2.3%), vomiting (2.0%), 
abdominal pan discomfort (1.7%), headache (1.2%), restlessness (1.1%), and rash (1.1%). 
Additional events that occurred in less than 1% of ciprofloxacin courses are listed below. 
GASTRCINTESTINAL: (See above), painful oral mucosa, oral candidiasis, dysphagia, intestinal perforation, 
gastroirestinal bleeding 
CENTRAL NERVOUS SYSTEM: (See above), dizziness, lightheadedness, insomnia, nightmares, hallucina- 
tions, manic reaction, irritability, tremor, ataxia, convulsive seizures, lethargy, drowsiness, weakness, mal- 
aise, anerexia, phobia, depersonalization, depression, paresthesia. 
SKIN/H®PERSENSITIVITY: (See above), pruritus. urticaria, photosensitivity, flushing, fever, chills, 
angioea=ma, edema of the face, neck, lips, conjunctivae or hands, cutaneous candidiasis, hyperpigmentation, 
erytherra nodosum 
Allergic eactions ranging from urticaria to anaphylactic reactions have been reported (SEE PRECAUTIONS). 
SPECIA SENSES: blurred vision. disturbed vision (change in color perception, overbrightness of lights), 
decreased visual acuity, diplopia, eye pain, tinnitus, hearing loss, bad taste. 
MUSCULOSKELETAL: joint or back pain, joint stiffness, achiness, neck or chest pain, flare-up of gout 
RENAL: JROGENITAL: interstitial nephritis, nephritis, renal failure, polyuria, urinary retention, urethral 
bleeding. vaginitis, acidosis 
CARDIC/ASCULAR: palpitations, atrial flutter, ventricular ectopy, syncope, hypertension, angina pectoris, 
myocareial infarction, cardiopulmonary arrest, cerebral thrombosis. 
RESPIRATORY: epistaxis, laryngeal or pulmonary edema, hiccough, hemoptysis, dyspnea, bronchospasm, 
pulmon.ry embolism 
Most of the adverse events reported were described as only mild or moderate in severity, abated soon after the 
drug was discontinued, and required no treatment 
In several nstances, nausea, vomiting, tremor, restlessness, agitation, or palpitations were judged by in- 
vestigators tœbe related to elevated plasma levels of theophylline possibly as a result of a drug interaction with 
ciprofloxacin 
Other advesse events reported in the postmarketing phase include anaphylactoid reactions, Stevens-Johnson 
syndrome, exoliative dermatitis, toxic epidermal necrolysis, hepatic necrosis, postural hypotension, possible exac- 
erbation of myasthenia gravis. confusion, dysphasia, nystagmus, pseudomembranous colitis, dyspepsia, 
flatulence, amd constipation. Also reported were agranulocytosis; elevation of serum triglycerides, serum 
cholesterol, tood glucose, serum potassium; prolongation of prothrombin time: albuminuria; candiduria. vaginal 
candidiasis; aud renal calculi (SEE PRECAUTIONS). 
Adverse Laberatory Changes: Changes in laboratory parameters listed as adverse events without regard to drug 
relationship 
Hepatic—Elevations of: ALT (SGPT) (1.9%), AST (SGOT) (1.7%), alkaline phosphatase (0.8%), LDH (0.4%), 
serum bilirubin (0.3%), 
Cholestatic jaundice has been reported 
Hematoogic—Eosinophilia (0.6%), leukopenia (0.4%), decreased blood platelets (0.1%), elevated blood 
platelet=(0.1%), pancytopenia (0.1%) 
Renal—<levations of Serum creatinine (1.1%), BUN (0.9%). 
CRYSTÆ LURIA. CYLINDRURIA, AND HEMATURIA HAVE BEEN REPORTED 
Other changes occurring in less than 0.1% of courses were: Elevation of serum gammaglutamyl transferase, 
elevation of Srum amylase, reduction in blood glucose, elevated uric acid, decrease in hemoglobin, anemia, 
bleeding diatr=sis, increase in blood monocytes, and leukocytosis 
OVERDOSAGE 
Information œ overdosage in humans is not available. In the event of acute overdosage. the stomach should be 
emptied by inlucing vomiting or by gastric lavage. The patient should be carefully observed and given supportive 
treatment. Acequate hydration must be maintained. Only a small amount of ciprofloxacin (<10%) is removed from 
the body afterhemodialysis or peritoneal dialysis 
DOSAGE AND ADMINISTRATION 
The usual adit dosage for patients with urinary tract infections is 250 mg every 12 hours. For patients with 
complicated rfections caused by organisms not highly susceptible, 500 mg may be administered every 12 hours 
Lower resparatory tract infections, skin and skin structure infections, and bone and joint infections may be treated 
with 500 mg every 12 hours. For more severe or complicated infections, a dosage of 750 mg may be given every 12 
hours 
The recommended dosage for infectious diarrhea is 500 mg every 12 hours. 
In patients with renal impairment, some modification of dosage is recommended (SEE DOSAGE AND ADMINIS- 
TRATION SECTION IN FULL PRESCRIBING INFORMATION) 
HOW SUPPLIED 
Cipro® (cipro*oxacin HCI/ Miles) is available as tablets of 250 mg, 500 mg, and 750 mg in bottles of 50, and in Unit- 
Dose package of 100 (SEE FULL PRESCRIBING INFORMATION FOR COMPLETE DESCRIPTION) 
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_ In-Reply.—Dr Schein disagrees with 
_ our supposition that the occurrence of 
|» nontraumatic small-bowel perforations 
__ during open treatment for intra-abdom- 
- {nal sepsis has not been described so far 


and states that it is a well-known and 


 — documented entity. 
_ Intestinal perforations and fistuliza- 
tions areindeed common complications 
in patients treated fer intra-abdominal 
sepsis, but there are obvious causes for 
- fistulization in all cases reported in the 
literature, such as abdominal reentry 
damage, anastomotic breakdown, or ab- 
_ dominal-wall dehiscence. 
Dr Schein cites several references to 
support his argument but, again, all 
<: these cases had obvious causes. The ar- 
ticle by Sitges-Serra et al deals with 87 
fistulas, all secondary to either anasto- 
=o motie breakdown, direct trauma to the 
` small bowel, or smail-bowel inflamma- 
tion. In the article by Levy et al, causes 
for fistulization were anastomotic dehis- 
` cence (52%), small-bewel trauma (41%), 
.-abdominal-wall necrosis (1.7%), and a 










combination of these factors (5.3%). 


-Schein’s ewn group’ deseribed a patient 
‘with a small-bowel fistula that, as they 
stated, was due to the polypropylene 
-oomesh. Bradley and Fulenwider’ re- 
ported a similar experience. 

The perforations described by us de- 


_ veloped in the granulating layers of left- 


open abéomens, not in abdominal-wall 
dehiscences. They eecurred in intact 
segments of the small bowel, not in pre- 
existing suture lines, and they were not 


>>the result of reentry damage, because 


: then they would have been treated ei- 
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ther by suturing (and sutures would 
have been present at the site of perfora- 
tion) or by creating a stoma. Therefore, 
they were not the result of well-known 
causes but indeed formed an entity that 
has not been described previously. 

When not treated, the perforations 
became large defects in granulating lay- 
ers, mimicking loop enterostomies, that 
could not be dealt with adequately. An 
expectant approach, as in small entero- 
cutaneous fistulas (which Dr Schein 
probably thinks we are dealing with), 
was not possible. There were no recur- 
rences after resection and primary 
anastomosis, but the recurrence rate 
was 18% after closing in layers. Finally, 
the mortality in this series (64%) was 
not related to the occurrence of perfora- 
tions but to the underlying disease. 
Therefore, we stick to our therapeutic 
recommendations. 


Han C. KUIPERS, MD, PHD 
WALTER MASTBOOM, MD 
THEO WOBBES, MD, PHD 
FRANS ScHoots, MD 
Nijmegen, the Netherlands 
1. Schein M, Saadia R, Freinkel Z, Decker GAG. 
Aggressive treatment of severe diffuse peritonitis: 
a prospective study. Br J Surg. 1988;75:178-176. 
2. Bradley E, Fulenwider JT. Open treatment of 
pancreatic abscess. Surg Gynecol Obstet. 1984; 
159:509-513. 


Elective Cholecystectomy After 
Biliary Lithotripsy: An indication 

for Routine intraoperative 
Cholangiography? 

To the Editor.—Given the increasing 
popularity of extracorporeal shock 
wave biliary lithotripsy and the fact that 
small stone fragments leave the gall- 
bladder via the common bile duct, the 
complications of this therapy are now 
becoming more apparent. We report a 
ease of a patient who underwent elec- 
tive cholecystectomy after failing bili- 
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ary lithotripsy. There were no indica- 
tions of intraoperative cholangiography 
except the presumption that stone frag- 
ments were likely to have traveled- 
down the common bile duct. 


Report of a Case.—A 50-year-old Hispanic. 
woman presented with recurrent postpran- i: 
dial right upper quadrant pain and nausea & 
months after undergoing biliary lithotripsy .~ 
for symptomatic cholelithiasis. These symp-. 
toms began 10 years before admission. Prior 
to lithotripsy, a single 2-em gallstone was 
documented sonographically. Her symptoms 
persisted and she requested surgical treat- 
ment. She denied a history of dark urine, ` 
acholic stools, jaundice, fever, or chills. 
Physical examination was significant for a 
well-appearing anicteric woman without ab- 
dominal tenderness or palpable masses: 
Complete blood cell counts and results’ of 
liver function chemistry analyses were nor- > 
mal. A repeated sonogram demonstrated 
multiple gallstones and normal gallbladder 
wall thickness. The common bile and intrahe- < 
patic ducts were not dilated and there were 
no stones seen within the common bile duct... 

At operation, the gallbladder was found to. 
be noninflamed and multiple gallstones were 
palpable. The common bile duct was of noy- 
mal caliber. A routine cholecystectomy. was 
performed, and an intraoperative cystic duct 
cholangiogram revealed three small filling 
defects in the distal common bile duct. A 
common bile duct exploration was performed 
in the usual fashion with the retrieval of- 
three small angulated cholesterol stones, 
each measuring less than 1 em. A follow-up 
T-tube cholangiogram revealed no residual 
filling defects and prompt flow of contrast 
material into the duodenum. 





Comment.—With the above consid- 
erations in mind, we feel that the list of — 
indications for routine cystic duct — 
cholangiography should be expanded to - 
include those patients who undergo 
elective cholecystectomy following at- 
tempted biliary lithotripsy. 


I. MICHAEL LEITMAN, MD 
KIMBERLY VAN ZEE, MD 
ANTHONY ©. ANTONACCI, MD 
New York, NY i 
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Instructions for Authors 


-Manuscripts are to be sent by first-class mail to the 
Claude H. Organ, Jr, MD, Professor, Dept of 


© Blst St, Oakland, CA 94602. The procedures listed must 
be followed carefully and all materials requested must be 
enclosed for prompt review and consideration for publica- 
tion in the Archives of Surgery. Use the checklist to ensure 


- completeness. 


Manuscript Preparation. ~The original typescript and 
two high-quality copies of the entire manuscript must be 


So submitted, including copies of all illustrations, legends, 


tables, and references. All copy, including references, 
- legends, and tables, must be typed double-spaced on 


2 8% x 11-m, heavy-duty white bond paper. Margins must be 
at least 1 in. If a word processor is used, do not use 


justified right margins. 

Abstract. — Submit an abstract (135-word maximum) of 
the manuscript, which must include a statement of the 
problem. methods of study, results, and conclusions. The 


a synopsis-abstract replaces a summary or conclusions. 


Copyright.—A copyright release form signed by all 


> authors of manuscri ipts, brief communications, and corre- 


spondence is required by the Copyright Revision Act of 
1976. The following statement, dated and signed by all 
authors,zmay be used: “In consideration of the American 
Medical Associations taking action in reviewing and 
editing my submission, the author(s) undersigned 
hereby transfers, assigns, or otherwise conveys all copy- 
right ownership to the AMA in the event that such work 
is published by the AMA.” 

Financial Interest.— List all affiliations with or finan- 
=: ial involvement in any organization or entity with a direct 
financial interest in the subject matter or materials of the 
research discussed in the manuscript (eg, employment, 
consultancies, stock ownership). All such information will 


be held in confidence during the review process. Should 


the manuscript be accapted, the Editor will discuss with 
the author the extent of disclosure appropriate for publi- 
cation. 

References. — References should be listed in consecutive 
numerical order as they are cited in the text, not alpha- 
betically. Once a reference is cited, all subsequent citations 
should be to the original number. All references must be 
-ited in the text or tables. Unpublished data and personal 
- communication may not be listed as references. References 

to journal articles should include (1) authors (list all authors 
and/or editors up to six; if more than six, list the first 
three and “et al”), (2) title, (3) journal name as abbreviated 
in Index Medicus, (4) year, (5) volume number, and (6) 
inclusive page numbers —in that order. References to books 
should include (1) authors (list all authors and/or editors 
up to sixg if more than six, list the first three and “et al”), 
(2) chapter title, if any, (3) editor, if any, (4) title of book, 
(5) year: (6) city, and (T) publisher. Volume and edition 
.. humbers, specific pages, and name of translator should be 
-included when appropriate. The author is responsible for 


_ the accuracy and completeness of the references and for 
| their correct text citation. 


-Author Responsibility. —One author must be designated 
correspending author, with his or her address and tele- 
_phone number provided. All correspondence and copy 
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editing are sent to this author. The corresponding author 
will receive an edited typescript rather than galley proofs. 
for approval. The authors are responsible for all statements 
in their werk, including changes made by the copy editor. 
Order reprints at the time the typescript is returned after 
editorial processing. Specify the address to which requests 
for reprints should be sent. 

Titles.—The title must be short, specific, and clear. It 
cannot exceed 42 characters per line, including punctuation 
and spaces, and is limited to two lines. The title page 
should inciude the full names and academic affiliations of. 


all authors. If the manuscript was presented at a meeting, . 
indicate the name of the organization, the place, and the. 


date on which it was read. 

SI Units.—Use Systéme International (SI) measure- 
ments threughout the manuscript. 

Illustrations.— Use only illustrations that clarify and 
augment the text. Submit illustrations in triplicate, un- 
mounted and untrimmed. Do not send original artwork. 
Send high-contrast glossy prints (not photocopies). Figure 
number, name of senior author, and arrow indicating “top” 
should be typed on a gummed label and affixed to the back’ 
of each illustration. All lettering must be legible after 
reduction to column size. Artwork submitted for publica- 
tion may be relettered to achieve uniformity of lettering 
style throughout the journal. Illustrations should prefera- 
bly be in a proportion of 5x7 in. Color illustrations are- 
accepted for publication if the editors believe that color 
will add significantly to the published manuscript. The 
Arcuives will pay only part of the expense of color 
reproduction and printing color illustrations. The author's. 
share of the expense is $400 for up to six square finished 
illustrations that can be arranged on a one-page layout. 
Any additional illustrations or special effects will be billed 
to the author at cost. Positive color transparencies (85-mm 


preferred) must be submitted for an evaluation. Do not. 


send color prints unless accompanied by original transpar- 
encies. 


CHECKLIST FOR AUTHORS 

Send: 

è Three copies of manuscript. 

e Three copies of synopsis-abstract. 

è Three copies of attached photographs, legends, 
tables, and/or illustrations clearly marked as de- 
scribed in the instructions. 

è A copyright release statement signed by all au- 
thors. 

è The address and telephone number of the desig- 
nated corresponding author. 

è Send to Claude H. Organ, Jr, MD 

Archives of Surgery 
Professor, Dept of Surgery 
University of California—Davis, East Bay 
1411 E 31st St 
Oakland, CA 94602 
è Use sufficient postage. 
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` ginning on a separate sheet of paper. Length is limited to 
a maximum of 40. words. 

Tables.—Each table must be typed double-spaced, in- 
< cluding all headings, on a separate sheet of 8x 11-in 
paper. Do not use larger-size paper. If a table must be 
continued, use a second sheet and repeat all heads and 
stubs. Each table must have a title. 

_. Manuscript. Acceptance.—Manuscripts are received 

_ with. the understanding that they are not under simulta- 

neous consideration by another publication. Accepted man- 

uscripts become the permanent property of the ARCHIVES 

and may not be published elsewhere without permission 
from the publisher (AMA). 


_ OTHER INFORMATION 


-Brief Clinical Notes.—The Arcuives welcomes the 
submission of Brief Clinical Notes for review. These are 
generally reports of cases that provide a new or unique 
contribution and are to consist of no more than 400 words, 
two references, and one illustration. The synopsis-abstract 
may not exceed 80 words. 

Correspondence and Brief Communications. —The 
Editor is pleased to receive letters that pertain to material 
published in the Arcuives as well as brief communications 
concerning other matters of interest to our readers. An 
interesting case may be published as a brief communica- 
_ tion, Such contributions should be 250 words or less, 

typewritten, double-spaced without an abstract, and 
: clearly marked “for publication.” No more than two refer- 

ences are permitted and illustrations or tables are accept- 


Legends. —Legends must be typed double-spaced, be- E 





able only when essential to the message. : ce : 
News and Announcements. — Brief notices may. be sub- 


mitted of meetings, seminars, or symposiums that are of. 


interest to surgeons. 

Acknowledgments. — Illustrations from other publica- 
tions must be acknowledged. Include the following when 
applicable: authors, title of article, title of journal or book, 
volume number, pages, month and year. The publisher’s 
permission to reprint must be submitted to the ARCHIVES 
when the manuscript has been formally accepted. 

Statistical Review. — Manuscripts containing statistical 
evaluation should include the name and affiliation of the 
statistical reviewer. 

Informed Consent.— Manuscripts reporting the results 
of experimental investigations on human subjects must 
include a statement to the effect that informed consent 
was obtained after the nature of the procedure(s) had been 
fully explained. 

Reference to Patients. — Patients should be referred to 
by number or, in anecdotal reports, by fictitious given 
names. Real names or initials must not be used in the text, 
tables, cr illustrations. 

Photegraphic Consents.—A letter of consent must 
accompany all photographs of patients in which a possibility: 
of identification exists. It is not sufficient to simply cover 
the eyes to mask identity. 

AMA Manual of Style. — This 1988 edition, formerly the 
Manuai for Authors & Editors, is available from Williams 
& Wilkins, 428 E Preston St, Baltimore, MD 21202. Single 
copy price: $26.95. A shipping charge is added on all orders 
not prepaid. If additional ordering information is needed, 
or to order by telephone, call 1-800-638-0672. 
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CLASSIFIED 
INFORMATION 


Regular Classified 1 Time 3 Times 
or more* 

Cost per worc $1.60 $1.45 
“Minimum 20 words. per issue 


4 ` ‘in order to earn the three-time rate, your ad must be placed 
F and prepaid af the. same time for three or more issues. 


Counting Words: Two initials are considered 
{cone word, each abbreviation is considered 
one word, and figures consisting of a dollar 
sign and five aumerals or less are considered 
+ one word. Cites and states consisting of two 
words or more are counted as one word: i.e., 
“New York" and "Salt Lake City.” Zip code is 
considered one word and must appear in all 
ads. Telephone number with area code is 
considered one word. When box numbers are 


Į used for replias, the words “Box c/o 
AOS” are to be counted as three words. 
Classified Display i Time 3 Times 
Full page $1,390 $1,209 
Two-thirds page 1,184 1,030 

_| One-half page 973 847 

One-third page 767 668 
| One-sixth page 354 308 
Column incr 75 65 


Minimum display ad: one column inch 
12-time rate available on request. 


Display Production Charge: The publication 
will pub-set advertisements upon request. 
The typesetting fee is 10% of the one-time ad 
cost shown above. Special requests will be 
billed to the advertiser and/or agency at the 
then prevailing rates. 


| Box Service 


"| Available for all ads. The cost is $10.00 for the 
first issue omly. Responses to your ad will be 
sonsolidated in our office and promptly 
mailed directly to you. 









Closing Date 

| The 25th of the second month prior to issue 

_ | date. Example: The November issue closes 
September 25th. No eds can be cancelled 

after the cicsing date. 


Send all copy, correspondence, production 
materials and payments to: 


Stitgery 


Classified Department 
P.O. Box 1510, C’earwater, Florida 34617 


‘For assistanse with your ad schedule cal! toll free: 
808-237-9861 O &13-443-7666 





Florida 34817. Our telephone numbers are: 800-237-985 
correspondence to the AMA headquarters in Chicago. This causes needless delay. 


inquiries about “BOX NUMBER" advertisements: All replie: 
c/o AOS, P.O. Box 1510, Clearwater, Florida 34617. We are not 
mai sent in care of Archives of Surgery. 


[Classified Advertising — \ 


All classified advertising orders, correspondence and payments should be directed to: Archives of Surgery, P.O. Box 1510, Clearwater, 
y a j 4 4; 813-443-7666. Please do not send classified ads, payments or related 






Opportt 
MAINE — GENERAL SURGEON: Ali modalities for 
JCAH, acute care hospital in northern lake and 
mountain region. Guaranteed cross coverage. 
Excellent financial package plus benefits and mov- 
ing expenses. One hour from metropolitan center 
and major university campus. Send CV to: New Eng- 
land Health Search, 63 Forest Avenue, Orono, ME 
04473. Or call: (207) 866-5680 or (207) 866-5685. 


DEPARTMENT OF VETERANS AFFAIRS Medical 
Center, Tuskegee, Alabama 36083, has a vacancy 
for a pulmonologist. Must be a citizen or possess 
permanent immigrant visa. Must be board-certified 
or -eligible. Excellent weather. Salary ranges from 
$75,000 to $91,000 dependent upon qualifications 
and experience. An equal opportunity employer — 
F/H/M. Contact: Chief of Staff (205) 727-0550, 
Extension 3645. 





Oncologic Surgeon 
Multi-specialty group in suburban Philadel- 
phia needs a BE/BC oncologic surgeon for 
Clinical practice. Preference given to candi- 
dates with thoracic and vascular expertise. 
Endoscopic skills also desired. Excellent 


benefits and salary leading to full partner- 
ship position. Send curriculum vitae and 
references to: 
SURGICAL SERVICES, LTD, 
Moss Plaza, Suite 206, 9892 Bustleton Avenue 
Philadeiphia, PA 19115 
Attention: Robin E. Rosenberg, MD 





ORTHOPAEDIC SURGEONS — general, spinal or 
pediatric. Busy two-person orthopaedic group 
seeks BE/BC orthopaedic surgeon to begin as soon 
as possible. Excellent opportunities with booming 
practice. PT affiliation. Large referral base. Superb 
compensation and benefits package including sign- 
ing bonus, guaranteed base salary with productivity 
incentives. All overhead covered by group. Send CV 
to: Physician Recruiter, 2353 Brachton Avenue, 
Germantown, TN 38138. EQE/M/F/V/H. 


BC/BE GENERAL/THORACIC SURGEON — Cali- 
fornia: We need a genera! surgeon who is also 
trained in thoracic surgery and interested in an 
excellent practice doing general and thoracic 
surgery (no open heart). We offer the opportunity to 
establish your own private practice with no invest- 
ment, guaranteed income. Well equipped 112-bed 
full service hospital. A growing area with new busi- 
nesses and stable economy. Our service area popu- 
lation is now 90,000. Located in central California 
near Sequoia National Park, Tulare offers an excel- 
lent family-oriented lifestyle with all expected amen- 
ities. Beautiful homes, located close to hospital and 
office, are affordably priced. Good schoois, many 
community activities and abundant recreation 
including golf, tennis, skiing, mountain and eques- 
trian activities. Easy access to all California's major 
metropolitan and resort areas. Please contact: 
Tulare District Hospital Physician Recruiting Office, 
P.O. Box 90112, Los Angeles, CA 90009. (800) 
468-2687. 


100 MEMBER, multi-specialty, fee-for-service 
medical group seeks BC/BE general surgeon with 
vascular capability and trauma experience desired 
in pleasant, growing northern California community 
two hours from San Francisco, Yosemite and the 
Sierras. Excellent benefits, salary and facilities. 
Send CV to: C.V. Allen, MD, Medical Director, 600 
Coffee Road, Modesto, CA 93555. 


pce te act acl ce ere ae 
PLEASE NOTE—Address replies to box number 
ads as follows: Box number, _____.. c/o AOS, 
P.O. Box 1510, Clearwater, FL 34617. 











s must be in writing and must cite the box number in the ad. Example: 
permitted to divulge the identity of advertisers who wish their 






GENERAL/VASCULAR surgeon: Two-person sur- 
gical group seeks a U.S.A. trained BC/BE surgeon 
with general and vascular surgery and endoscopic | 
experience. Growing northeast Wisconsin commu- 


nity, stable economy, and three progressive hospi- jo 


tals having all medical services availabie. Excellent 
location for outdoor activities and easy access for 


travel. Excellent salary and benefits leading to part: | 


nership. Send CV to: Box #913, c/o AOS. 


IMMEDIATE OPENING for board-eligible or 
-certified surgeon, preferably with endoscopy expe- | 
rience, at progressive VA medical center located in 
Michigan's upper peninsula. This well-equipped, 
200-bed general medical and surgical center offers 
competitive salary and benefits. The community 
offers ideal family living in town of 18,000 people 
with good schools, low cost of living, short commut- 
ing distance, and year-round recreational activities, 
Applicants should reply to: Chief of Staff, VA Medij 
cal Center, Iron Mountain, MI 49801. Equal oppor=:.} 

tunity employer. 


GENERAL SURGEON: Marshfield Clinic, a multi.: 








ing BE/BC general surgeons to join expanding |. 
Wisconsin. Chippewa Falls is located 1 hours from 


Claire, Wisconsin, a city of nearly 80,000 which. |. 
includes a major four year campus of the University | ° 
of Wisconsin. Known as the "Grouse Capital of the 
World”, Park Falts is a beautiful wooded area with an 
abundance of lakes, rivers and streams. An empha» | 
sis on quality practice and lifestyle is combined 
with a guaranteed salary and outstanding fringe 
benefit package. For additional information, please 
send CV and references to: David L. Draves, Direc- 
tor ct Regional Development, 1000 North Oak 
Avenue, Marshfield, Wi 54449. Or cali collect at: 
(715) 387-5376. 


GENERAL SURGEON, BC/BE, vascular desirable, 
not essential, to join well established surgeon in 
Atlanta, Georgia. Excellent salary/benefits. Early 
partnership. Send CV to: Box #916, c/o AOS. 


HCR 


Health Care Recruiting 
NATIONWIDE 











James Ransom 
160 N.W. Irving 
Suite 201-B 
P.O. Box 1221 
Bend, Oregon 
97709 
800-323-1732 
503-382-1732 







Search Firm 


GENERAL SURGEON — 42-year-old BC general 
surgeon is seeking BC general surgeon to share 
busy solo practice. interest in endoscopy is needed. 
The practice is in a historic, rural, centrally located 
Texas town with good churches, schools. and recrea- 
tional facilities. Hospital is non profit and communi- 
ty owned, Reply: Box #915, c/o AOS. 








NEED A DOCTOR? For the most comprehensive 
coverage to specific specialties and select sub- 
specialties, put your recruitment ad in an AMA spe- 
cialty journal. We target your ad to the physician 
you want. To schedule your ad call our “Classified 
Advertising” office: (800) 237-9851. 





VASCULAR SURGEON — Muiti-speciaity group in 
suburban Philadelphia needs a vascular surgeon 
from certified program for clinical practice. Excel- 
lent benefits and salary leading to full partnership 
position. Send curriculum vitae and references to: | 
Surgical Services, Ltd., Moss Plaza, Suite 206,9892 
Bustleton Avenue, Philadelphia, PA 19115. 
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specialty group practice with 350 physiciansisseek- | 
regional centers in Chippewa Falis and Park Falls, |. 
downtown Minneapolis/St. Paul and borders Eau |- 





Are you a Surgeon looking for 


The World’s 
Best Kept Secret 


Are you looking for challenging and 
outstanding opportunities for profession- 
al growth? Do you value a good school 
system, low crime rate, clean air and 
unsurpassed scenic beauty? Then St. 
Mary’s Hospital in Pierre, South Dakota 
is what you are looking for. 


Nestled in the rolling hills along the 
Missouri River, Pierre offers a wide 
range of recreational activities. If you 
enjoy the outdoors, you will love Lake 
Oahe which offers boating, sailing and 
trophy fishing. Pierre is famous for its 
excellent waterfowl, pheasant and ante- 
lope hunting. 


If you are a board-certified or -eligible 
surgeon and interested in joining a busy 
practice in this warm friendly communi- 
ty of 15,000, and a service area of 40,000, 
then come join our growing active medi- 
cal staff at St. Mary's Hospital in Pierre, 
South Dakota. Enclose vitae. 


RON OLINGER 
PHYSICIAN RECRUITMENT 
P.O. Box 66, Pierre, SD 57501 

(605) 224-8851 

or 


JAMES RUSSELL 
ADMINISTRATOR 
ST. MARY'S HOSPITAL 
800 East Dakota, Pierre, SD 57501 
(605) 224-3158 











AND CALL US IN THE MORNING 


Group, associate and solo opportunities are 
available in a variety of settings. Here are a 
few to pick from 


Colon and Rectal Surgeon Otolaryngologists 


Denver, CO scale 
enver, 
reise Surgeons Jacksonville, FL 
eS Kissimmee, FL 
Central Florida Louisa, KY 
South Florida Somerset, KY 
Atlanta, GA Louisiana 
Beaumont, x Natchez, MS 
San Antonio, TX Layton, UT 
Bluefield, WV í 
Neurosurgeons 
Montgomery, AL Layton, UT 
South Florida Greenbrier 
Dodge City, KS Valley, WV 
Orthopedic Surgeons 
Alabama Louisiana 


los Angeles Co, CA Chattanooga, IN 
Central Florida Morristown, TN 










South Florida Beaumont, TX 
Atlanta, GA Richlands, VA 
Dodge City, KS Bluefield, WV 
Urologists 

North Alabama Augusta, GA 
Denver, CO Kansas City, MO 
Central Florida Natchez, MS 
South Florida Beaumont, TX 


Call TOLL-FREE 4-800-626-1590, or send your 
curriculum vitae to: Manager, Professional 
Relations, Humana Inc., Dept. OO-11, 500 West 
Main Street, Louisville, KY 40201-1438. 


=“alumana’ 























WANTED: BE/BC general surgeon with interest and 
experience in non-cardiac thoraeic surgery, or 
thoracic surgeon who enjoys general surgery, to 
assume practice of retiring double boarded thora- 
cic/general surgeon. 34 member, multi-speciaity 
group in dynamic area hub city of 35,000, with six 
satellite offices in strategic locations, and referral 
area of 300,000 plus. Superb hospital facilities, 
including CT, MRI, cardiac surgery neurosurgery, 
etc. Directed toward those concerned about quality 
family lifestyle and professional conserns. Contact: 
Recruitment Coordinator, Park Clinic, 890 North 
Eisenhower Avenue, Mason City, 1A50401. Or dial: 
(800) 798-4321 for more information: 























LOVINGTON, NEW MEXICO: Gereral surgeon 
needed for solo practice under the warm sun of 
southeastern New Mexico: assistance with Start-up 
costs is available. Excellent practice potential in this 
peaceful, family-oriented community, close to worid- 
renowned Carlsbad Caverns. Contact: NM Health 
Resources, Box 27650, Albuquerque, NM 87125. 
(505) 260-0993. Not-for-profit, no-fee >lacement. 













ATTENTION PHYSICIAN RECRLITERS. The 
“Classified Advertising” sections now in all nine 
AMA Specialty Journals target the physician you 
want. These highly visible sectiors put your 
message in the hands of every speciakst that quali- 
fies for your professional opportunity, avery month. 
To place the ad of your choice, any size, call toll 
free: (800) 237-9851. 


OUTSTANDING, board-certified, gereral surgery 
Opportunity in beautiful Ozark region cf southwest- 
ern Missouri. Enjoy one in three call/coverage with 
immediate referrals from five family practice physi- 
cians. Beautiful, modern, 60-bed hospital is only 
nine years old. Community has excelent schools, 
university, and numerous lakes within “ifteen miles. 
Located only 28 miles from Springfied, the third 
largest city in Missouri. Tremendous firancial pack- 
age includes minimum $125,000 net guarantee with 
no pay back, paid malpractice insurance, benefits, 
and relocation expenses. Send CV o call: Todd 
Dillon, Jackson and Coker, Inc., 113 Perimeter 
Center Place, Suite 380 ASO, Atlanta GA 30346. 
Telephone (800) 544-1987. 





















GENERAL SURGERY — Opportunity to live and 
work in the beautiful state of Hawaii. Es:ablished in 
1903, The Honolulu Medica! Group is seeking a 
BC/BE general surgeon to join our 43-physician 
multi-specialty group. We offer the opportunity to 
retain control of the medical directive wh de eliminat- 
ing the headaches of administration anc recruiting. 
Pius an attractive salary/benefits packege and an 
excellent working environment. Send C to: Chair- 
man, Physician Recruitment, The Honole!u Medical 
Group, 550 South Beretania Street, Henolutu, Hi 
96813. Or FAX to: (808) 531-4179. Equal cpportunity 
employer. 





VASCULAR SURGEON with fellowship training to 
join well-established group of cardiotharacic Sur- 
geons and a vascular surgeon. Oppertunity is 
located in suburb of indianapolis with access to 
major universities, cultural amenities, and many 
recreational activities. Office space is tastefully 
decorated and is adjacent to 460-bed hospital. Great 
rapport among the physicians, and the support staff 
is excellent. Guaranteed salary, full benfits pack- 
age, and interviewing and relocation expenses 
offered. Send CV or call: Patty Martens, Jackson 
and Coker, inc., 115 Perimeter Center Piace, Suite 
380 ASO, Atlanta, GA 30346. Telephcne: (800) 
544-1987. 


MENDOCINO COUNTY — immediate cpening in 
beautiful coastal northern California fo full-time 
BC/BE generai/vascular surgeon with traema expe- 
rience. Send CV to: Julie Campbell, Mendocino 
Coast District Hospital, 700 River Drive, Fort Bragg, 
CA 95437. Or call: (707) 961-1234. 









GENERAL SURGEON — Olmsted Medical Groupis 
experiencing continuous growth and currently 
seeking a BC/BE general Surgeon to join a busy, 
two-physician department. Excellent opportunity 
for a well-trained physician to join a 50 plus physi- 
cian multi-specialty group in a dynamic, progressive 
practice. Affiliate hospital recently underwent com- 
piete renovation/expansion. Competitive salary/ 
comprehensive benefit package: malpractice insur- 
ance, flexible benefits plan, 401K and profit sharing, 
relocation assistance. Send CV: Olmsted Medical | 
Group, Attention: Susan Schuett, 216 Ninth Street | 
Southeast, Rochester, MN 55904. 


GENERAL/VASCULAR SURGEON--BC/BE with 














GENERAL SURGEON: Outstanding opportunity 
for recently trained general surgeon to join estab- 
lished practice in metropolitan Pittsburgh. Extremely 
busy general surgical group practices exclusively at 
respected 390-bed community hospital. Desirable 
location convenient to award-winning public schools 
and affordable housing in one of America’s “most 
livable cities". Send CV or call: Kelly McMahon, 
Daniel Stern and Associates, 211 North Whitfield 
Street, Suite 240, Pittsburgh. PA 15208. (800) 
438-2476. 


BC/BE GENERAL SURGEON needed in beautiful 
lake community of 8,000 in northcentral Indiana. 
Great access to metropolitan areas. Community 
offers a diverse economy, unlimited recreational 
activities, and a great midwestern school system. 
Higher education available at Purdue or Notre 
Dame. Truly impressive and progressive, 49-bed 
hospital has extremely high-tech equipment, 24- 
hour, full-service laboratory, pathologist, 24-hour 
emergency room coverage, and a list of ancillary 
services. Practice full range of surgical procedures 
including some vascular if you are interested. Enjoy 
lowest maipractice rates in country. Guaranteed 
salary of $120,000 to $150,000. Full benefits package 
offered. Interviewing and relocation expenses paid. 
Send CV or call: Patty Martens, Jackson and Coker, 
Inc., 115 Perimeter Center Place, Suite. 380 ASO, 
Atianta, GA 30346. Telephone: (800) 544-1987. 











CARDIOVASCULAR AND THORACIC SURGEON 
wanted to join a busy, expanding practice in the 
western suburbs of Chicago. Excellent opportunity 
for BC/BE, university trained individual. Please for- 
ward CV with letter of introduction to: Box #917, c/o 
AOS. 






GENERAL SURGEON — University of California, 
San Francisco and the Central California Faculty 
Medical Group seek a staff surgeon at Valley Medi- 
cal Center, Fresno. Valley Medical Center is a prin- 
cipal training site for the UCSF clinical branch 
which conducts residency training and core and 
elective medical student clerkships. Applicants 
should be BE/BC and have an interest in clinical 
teaching. Some private practice opportunity avail- 
able. Delightful central California location, afford- 
able living with easy access to mountains and 
coast. Please send curriculum vitae to: Steve Parks, 
MD, Chief of Surgery, 2212 North Winery, #130, 
Fresno, CA 93703. University of California is an 
EO/AA employer. Women and minorities are 
encouraged to apply. 









PLEASE NOTE — Address replies to box number 
ads as follows: Box number, , c/o AOS, 
P.O. Box 1510, Clearwater, FL 34617. 
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| General SURGEON 


Surgical group serving a small, 
rural community of approxi- 
mately 25,000 is looking for a 
university hosp tal-trained, 
board-certified or board-eligible 
general surgeon. 
Practice is locatec next door to 
a progressive 76-bed acute care 
hospital. Area is year-round 
outdoor resort with hunting, 
fishing, hiking, snow-skiing, 
water-skiing, and many other 
outdoor recreational activities. 
Located 120 miles southeast of 
Pittsburgh and 200 miles west 
of Baltimore. Wes: Virginia Uni- 
versity Medical Center is located 
60 miles to the west. 


Contact: 
C. William Fedde, MD 
Garrett Surgical Group 


Suite 1,311 North 4th Street 
Oakland, MD 21550 
(301) 334-8282 





CHIEF 
Surgical Service 


Vacancy exists for board- 
certified surgeon to serve as the 
Chief, Surgical Service for this 
473-bed medical center with a 
120-bed (plus 60 additional beds 
currently under construction) 
nursing home care unit. 


We are affiliated with Temple 

. University Schoo! of Medicine, 
Hahnemann University School of 
Medicine, Episcopal Hospital, 
Philadelphia, Pennsylvania and 
have an active surgical 
residency program. 


Wilkes-Barre is located near 
Pocono Mountains resort area 
and is within a 2% hour drive of 
New York City and Philadelphia, 
Pennsylvania. 


For additional information contact: 


William K. Grossman, MD 
Chief of Staf? 


(717) 821-7207 


An equal opportunity employer. 











surgeon 


| 


| 


"Faculty Positions 


PE Se E Sean Renee ee 
ACADEMIC TRAUMA/BURN SURGEON — Assist- 
ant or Associate Professor, in Residence, University 
of California, San Diego. The Department of Surgery 
is seeking an academic general/trauma/burn sur- 
geon with experience in critical care who is board- 
certified or -eligible by the American Board of 
Surgery effective July 1, 1991. Qualifications: Cali- 
fornia medical license, demonstrated experience as 
a teacher and experience in research. Rank will be 
determined on the basis of experience and qualifica- 
tions. Salary per UC scale. Send curricuium vitae 
and three letters of recommendation to: David B. 
Hoyt, MD, Chief, Division of Trauma, UCSD Medical 
Center, 225 Dickinson Street, San Diego, CA 92103. 
Closing date is December 13, 1990. UCSD is an 
affirmative action/equal opportunity employer. 


m m 







The Division of Vascular Surgery at the 
Medica! College of Virginta/Virginia Commonwealth University 
is seeking a full-time academic vascular surgeon who is board- 
certified /-eligibte in both general and vascular surgery. The suc- 
cessful candidate will be expected to participate in the programs 
of clinical practice and teaching of students. residents and tel- 
lows at the VA Medical Center ard the MCV Hospitals, and share 
administrative and supervisory “esponsibilities for the vascular 
laboratory. A commitment to basic and clinical research is essen- 
tial. Experience working in a culturaily diverse environment is 
highly preferred. MCV/VCU is an AA/EO employer. Minorities 
and women are encouraged to apply. Send CV to 
Los, 


Dr. H.M. Lea, Department of Surgery 
P.O. Box 57, MCV Station, Richmond. VA 23298-0057 





Directors Wanted _ 


BRE ti ESSN CHE ENE TERS OTe 
MEDICAL DIRECTOR/DME — Northern California: 
Responsible for overall provisions and quality of 
medical care including monitoring of graduate med- 
ical education program. 224-bed, acute care teach- 
ing hospital. University affiliations. MD degree, 
certification in area of specialty, and five years clini- 
cal experience required. Salary and benefits nego- 
tiable. Send CV and contact: Joseph Wilson, MD, 
Chairman of Search Committee, San Joaquin 
General Hospital, 500 West Hospital Road, French 
Camp, CA 95231. (209) 468-6600. AA/EQE. 


Office Space Available 


PLASTIC SURGEON NEEDED. Busy and success- 
ful plastic surgeon moving to Hawaii. Prime out- 
patient surgical suite for tease, located :n Salinas, 
California, adjacent to Salinas Valley Memorial 
Hospital, total services hospital in thriving commu- 
nity of 108,000, 18 miles from Monterey Carmel area, 
and the picturesque, world famous Monterey Penin- 
sula. Reply: Box #911, c/c AOS. 


PLEASE NOTE—Address replies to box number 
ads as follows: Box number, ______, c/o AOS, 
P.O. Box 1510, Clearwater, FL 34617. 


St. Louls University Medical Center is recruiting an academic 
at the Assistant Professor level with an interest In 
Trauma Surgery and Surgical Critical Care, to Join two Trau- 
ma Surgeons at a major metropolitan Level | Trauma Center. 
Responsibilities include teaching fellows/residents/students 
and clinical and laboratory research. 


Candidates must be board eligibie/certified and have fel- 
lowship training or equivalent experience in trauma surgery 
and surgical critical care. 


interested candidates please send curriculum vitae to: 
Marc J. Shapiro, M.D. 
Director, Trauma Services 
Department of Surgery 
St. Louis University Medical Center 


St. 
St. Louis University is an equal opportunity employer. M/F/H/V 



















| | REACH | 








P.O. Box 15250 
Louls, MO 63110-0250 
314-577-8365 





ACADEMIC TRAUMA 
FELLOWSHIP 


Due to activity in the Persian Gulf, an 
immediate opening is available for 
BC/BE general surgeon in Trauma Sur- 
gery at The University of Pennsylvania 
Medical Center. interested parties send 
CV to: 

C.W, Schwab, MD, FACS 

Hospital of 
The University of Pennsylvania 
3400 Spruce Street 
Gates Building - 10th Floor 
Philadelphia, PA 19104 








__ Computers/Software 
PRACTICE MANAGEMENT, insurance biling, 


medical records, and electronic claims systems. 
American Medical Software (800) 423-8836. 


46,734 
SURGEONS 


If you are 
searching for 
a qualified specialist... 


We Target 
| The Physician 
You Want! 


The December issue of 
the Archives of Surgery closes 
October 25th. 

Call us today 
to reserve your space. 


800-237-9851 
813-443-7666 
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Surgery Boards Review Course _ 


November 2-4 — Baltimore | December 7-9 - Miami 
February 22-24 — New Orleans’ April 26-28 — Omaha‘ 


Now, a special update for your written, recertification, or oral exam 





OBJECTIVES 

o To increase knowledge of surgical principles and practice 

e To prepare candidates to take written and oral board exams 
e To provide a comprehensive review for recertification 


METHODS 

e HOME STUDY questions, assignments and answers 
¢ SEMINAR with projection slides and syllabus 

e PRACTICE EXAMS with written and oral parts 















"Accommodations were comfortable...."* 
GOALS AND LOCATIONS: The Part I 


"The faculty was outstanding. The most pleasant thing was leaming a tremendous amount, not 
only from world-famous authorities but from people who are relatively unknown as well."* 
a 














course is mostly lectures and evening 


per omnes A ee i pari : ne mock oral exams to help you prepare for 
November 2-4 — Baltimore raci Miami, Florida Spring 1991 — Midwest + your written and oral or recertification 
¢ December 7-9, 90 — Miami 


_ Feb. 22-24 — New Orleans + 


David L. Dudgeon, M.D. ¢ 
Prof. of Surgery and Pediatrics 


Sept. 15-21 °91 — Pittsburgh + 
October 17-23, 91 — Chicago + 


hela T IT TTT TTT Te eee ere ee eer 


Limited Enrollment: Surgery Boards Review Registration 





















For:(] Part I Course: 
(Part H Course: 


Mail today to: 





1094 Dawn Lane, Dept. 11 
P.O. Box 2218 


city 


exams. The Part II courses are mock oral 
exams for three days before and in the 


C April 26-28, 1991 ~ Omaha Johns Hopkins Universit ; same city as each oral exam. The Novem- 
ae Fae ee se Species t James T d" Duke, M z g Basic Surgery aa K r oe a he Shorey 
E ’ R ee , hue; nternational Hotel, irport, = 
Sept. 20-22 ~ Pittsburgh + Professor of Surgery Anatomy and Physiology timore, Maryland. Our group rates are $89 
The UTx Med. Sch., Houston Anesthesiology . 
: : single and $119 double. 
The Part II Course is to Abdollah Malek, M.D. ¢ Treatment of Shock ; a 
prepare board candidates for Practicing Surgeon T lartat "and those little extras... "* 
oral exams through mock oral Meee Nn ce eee LOWEST AIR FARES: Call toll-free 
exams on differential diag- William McKinnon, M.D. § 1-800-548-8185 fi up air fares. 
~ nosis, treatment options, Assoc. Clin. Prof. of Surgery Surgical Critical Care A A S PEE a 
complications. Faculty will Tulane University Pre- and Post-cp. Care ‘the most education for the money. 
critique exams and answer Mustafa Oz, M.D. ¢ COURSE FEES: l 
; questions rn a a Suey General Surgery e Surgeon or Resident: uy bie 
s efferson Me ege i e Part I course: 750 
‘Each la aie > ‘ae an Thomas W. Rice, M.D. § Freee ici Repeating within 3 years: ph pele 
exam and unlimited observa- Staff Surgeon te e Part II course: 
_ tion of other sessions. Addi- Cleveland Clinic Foundation Breast and Skin Repeating within 3 years: $240 $240 
tional 25 minute sessions may Roy Smoot, M.D. $ Endocrine Surgery e Add 10% within 10 days of the course. 
be arranged for $70 and Practicing Surgeon Head and Neck e Attendees not in course hotel add $20/day. 
private sessions may be ar- Nanticoke Hosp. Seaford, DE ; e A deposit of $50 will reserve your position. 
` ranged for an additional $30, H. Harlan Stone, M.D.  § Special Surgery "remarkably complete and pleasant."* 
“Mock oral sessions will in- anata ae ze a Thoracic Surgery C.M.E. CREDITS: The University of 
clude diseases and trauma of: *@!VieWw Gen., Clevelan Cardiac Surgery Texas Health Science Center at Houston 
baias oT ae ese } Vascular Surgery is accredited by the Accreditation Coun- 
g urgery ss t. Professor of Surgery Orthopedic Sure cil of Continuing Medical Education 
i Johns Hopkins University rthopedic Surgery ACCME) t Guus 
Alimentary Tract hanes EER Hand Surger (A.C.C.M.E.) to sponsor continuing 
$ am Szezypinski, M.D. ¢ 'QSHBEry medical education for physicians, 
reast Surgery Ass't. Professor of Surgery Pediatric Surgery The University of Texas Health Science 
A University of Maryland Urologic Surge Center at Houston, Division of Continuing 
Thoracic Surgery g gery : : : pen 
Frederick Toy, M.D. $ Gynecologic Surgery Education, designates this continuing 
Head and Neck Surgery Practicing Surgeon Nourasare medical education activity, November 2-4, 
Vascular Surgery Nanticoke Hosp., Seaford, DE aia g 4 for 28 credit hours (Part II Course) in 
+ November Course ~ Baltimore Ophthalmology Category 1 of the Physician’s Recognition 
Endocrine Surgery $ December Course-Miami Plastic Surgery Award of the American Medical Associa- 


tion. 
"home study material was extremely helpful "™* 


REFUNDS: Subject to a $50 fee, refunds. 


Name 

Aad will be made up until the seminar begins. 
: eae i "I feel [the course] helped me pass the boards."* 

City/State/Zip INFORMATION: 

Phone Joseph H. Selliken Jr., M.D. 


The Osler Institute 
1094 Dawn Lane, P.O. Box 2218 
Terre Haute, IN 47802 
(800) 356-7537 or (812) 299-5658 


Perec ee eee Cece rrr eee ee es 


date 
CJ Check is enclosed for $ 
Terre Haute, IN 47802 
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C] Please send more information. 
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: “Comments by participants. 
E }Course being planned, awaiting CM.E. 
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due to indicated organisms 





For intravenous or intramuscular Use 
BRIEF SUMMARY 


INDICATIONS AND USAGE i 

TREATMENT: CEFOTAN® (cefotetan œsodium) is indicated for the therapeutic treatment of the 
following infections when caused bysuscaptibie strains of the designated organisms: 

Urinary tract intections caused by F'coif, X/ebsiella species (including K pneumoniae), Proteus 
mirabilis and Proteus sp (which maysnrelude the organisms now called Proteus vulgaris, Providencia 
retigeri, and Morganella morganit. 

Lower respiratory tract infections caused’by Streptococcus pneumoniae (formerly D pneumoniae), 
Staphylococcus aureus (penicillinase- and nonpenicillinase-producing strains), Haemophilus influenzae 
alee y ampiciliia-resistant strains}. Klebsiella species (including K pneumoniae), and E coli. 

n and skin structure infections causec by cus aureus (penicillinase- and nonpenicil- 
linase-producing strains), Staphylocaccus epidermidis, Streptococcus pyogenes and Streptococcus 
species (excluding enterococci), ane E cof. 

infections caused by Slaphyococcus aureus* (including peniciflinase- and nonpenicil- 
linase-producing strains), St əccus epidermidis, Streptococcus species (excluding entero- 
cocci), E coli, Proteus mirabilis, Neisseria gonorrhoeae, Bacteroides species (excluding 8 distasonis, 
B ovatus, B thetaiotaomicron), Fusokactesum species,” and gram-positive anaerobic cocci {including 
Peptococcus and Peptostreptococcus species"). 
intra-abdominal infections caused by E coli, Klebsiella species {including K pneumoniae’), Strepto- 
coccus species {excluding enterccoeci), and Bacteroides species (excluding B distasonis, B ovatus, 
B thetaiotaomicron’. 
Bone and joint infections caused by Staphylococcus aureus." 
“Efficacy for this organism in this ongan system was studied in fewer than ten infections. 

Specimens for bacteriological exarrinacion should be obtained in order to isolate and identify 
causative organisms and to determine thair susceptibilities to cefotetan. Therapy may be instituted 
before results of susceptibility studies are known; however, once these results become available, the 
antibiotic treatment should be adjusted accordingly. 

In cases of confirmed or suspactad grem-positive or gram-negative sepsis or in patients with other 
serious infections in which the causative organism has not been identified, it is possible to use CEFOTAN 
concomitantly with an aminoglycoside. Cefotetan combinations with aminoglycosides have been shown 
to be synergistic in vitro against many Erterobacteriaceae and also some other gram-negative bacteria. 
The dosage recommended in the labeling of both antibiotics may be given and depends on the severity 
of the infection and the patient's coacition 
NOTE: If CEFOTAN and an aminoglycoside are used concomitantly, renal function should be carefully 
monitored, especially if higher dosages af the aminoglycoside are to be administered or if therapy is 
prolonged, because of the potentiavnephrotoxicity and ototoxicity of aminoglycosidic antibiotics. 
Although, to date, nephrotoxicity has not been noted when CEFOTAN was given alone, it is possible that 
ne see) mav be potentiated  CEFITAN is used concomitantly with an aminoglycoside. 

PH S: The preoperative administration of CEFOTAN may reduce the incidence of certain 
postoperative infections in patients:undergoing surgical procedures that are classified as clean con- 
taminated or potentially contaminated (eg, cesarean section, abdominal or vaginal hysterectomy, trans- 
urethral surgery, biliary tract surge ey, and gastrointestinal surgery). 

The prophylactic dose of CEFOTAN should be administered 30 to 60 minutes prior to surgery. In pa- 
tients undergoing cesarean sector CEFDTAN should be administered intravenously after the clamping 
of the umbilical cord. 

If there are signs and symptoms.a! infection, specimens for culture should be obtained tor identifica- 
tion of the causative organism so that appropriate therapeutic measures may be initiated. 
CONTRAINDICATIONS 
CS contraindicated in patients with known allergy to the cephalosporin group of antibiotics. 
Before therapy with CEFOTAN is instituted, careful inquiry should be made to determine whether the 


patient has had Sher arose hga reactions to ci disodium, cephalosporins, 


penicillins, or should be given cautiously to penicillin-sensitive patients. 

Antibiotics should be administere:’ with caution to any patient who has demonstrated some form of 

allergy, particularly to s. if ancallergic reaction to C| occurs, discontinue the drug. 

Serious acute hy; vity reactions may require e; e and other emergency measures. 
Pseudomembranous colitis kasdsen reported with the use of cephalosporins (and other broad- 

sosenem antibiotics); therefore, iiisdimportant to consider its diagnosis in patients who develop 

di in association with antibiotic sse. 


Treatment with broad-spectrum antibiotics may alter normat flora of the colon and may permit over- 
growth of clostridia. Studies indicate a toxin produced by Clostridium difficile is one primary cause of 
antibiotic-associated colitis. Choleseysamine and colestipol resins have been shown to bind the toxin in vitro. 

Mild cases of colitis may respond to crug discontinuance alone. Moderate to severe cases should be 
managed with fluid, electrolyte. ară protein supplementation as indicated. When the colitis is not re- 
lieved by drug discontinuance, or whan it is severe, oral vancomycin is the treatment of choice for anti- 
pag pseudomembranaus:calitis produced by C difficile. Other causes should also be considered. 


GENERAL: As with other broad-spactrum antibiotics, prolonged use of CEFOTAN may result in over- 
growth of nensusceptible organisms. Careful observation of the patient is essential. If superinfection 
does occur during therapy, appropriate measures should be taken. 

in common with many other braad-spectrum antibiotics, CEFOTAN may be associated with a fall in 
prothrombin activity. Those at risieimciude patients with renal or hepatic impairment or poor nutri- 
tional state, the eiderly and patients witi cancer. Prothrombin times should be monitored in patients at 
risk and exogenous vitamin K admunistered as indicated. 

, idee id be used with caution in individuals with a history of gastrointestinal disease, par- 
ticularly colitis. 

INFORMATION FOR PATIENTS: As-with some other cephalosporins, a disulfiram-like reaction 
characterized by “lushing, sweating, headache, and tachycardia may occur when alcohol (beer, wine. 
etc.) is ingested within 72 hours ater CZFOTAN administration. Patients should be cautioned about the 
ae of alcoholic beverages feliowing the administration of CEFOTAN. 

UG INTERACTIONS: Although te dats nephrotoxicity has not been noted when CEFOTAN was given 
alone, nis posin that nephretoxicity may be potentiated if CEFOTAN is used concomitantly with an 
aminoglycoside, 

DRUG/LABORATORY TEST INTERACTIONS: A false positive reaction for glucose in urine may occur 
with Benedict's or Fehling’s solution. 

As with other cephalosporins, high concentrations of cefotetan may interfere with measurement of 
Serum and urine creatinine levels ey Ja‘te reaction and produce false increases in the levels of 
Creatinine reported. 

CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Although long-term studies in 
animals have not been performede evaluate carcinogenic potential, no mutagenic potential of 
cefotetan was found in standard laboratory tests. 

Cetotetan has adverse effects os the testes of prepubertal rats. Subcutaneous administration of 
500 mg/kg/day (approximately 8-15 timas the usual adult human dose} on days 6-35 of life (thought to be 


CEFOTAN... 
cefotetan disodium | 


In intra-abdominal and gynecologic infection 


CEFOTAN® (cefstetan disodium) 


developmentally analogous to late childhood and pee in humans) resuited in reduced testicular 
weight and seminiferous tubule degeneration in 10 of 10 animals. Affected ceils included spermatogonia 
and spermatocytes; Sertoli and Leydig cells were unaffected. Incidence and severity of lesions were 
dose-dependent; at 120 mg/kg/day (approximately 2-4 times the usual human dose) only 1 of 10 treated 
animals was affected, and the degree of degeneration was mild. à 

Similar lesions have been observed in experiments of comparable design with other methyithiotetrazole- 
containing antibiotics and impaired fertility has been reported, particularly at high dose levels, No 
testicular effects were observed in 7-week-old rats treated with up to 1000 mg/kg/day SC for 5 weeks, or 
ia infant dogs (3 weeks old) that received up to 300 mg/kg/day IV for 5 weeks. The relevance of these 
findings to humans is unknown. 
USAGE IN PREGNANCY: B: Reproduction studies have been performed in rats _ 
and monkeys at doses up to 20 times the human dose ang have revealed no evidence of impaired fertil- 
ity or harm to the fetus due to cefotetan. There are, however, no adequate and weil-controlled studies in 
pregnant women. Because animal reproductive studies are not always predictive of human response, 
this drug should be used during pregnancy only if clearly needed. 
USAGE IN NURSING MOTHERS: Cefotetan is excreted in human milk in very iow concentrations. Cau- 
Gon should be exercised when cefotetan is administered to a nursing woman. 
PEDIATRIC USE: Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS 
in clinical studies, the following adverse effects were considered related to CEFOTAN therapy. 
Gastrointestinal symptoms occurred in 1.5% of patients; the most frequent were diarrhea (1 in 80) and 
nausea {1 in 700). 
Hematol! laboratory abnormalities occurred in 1.4% of patients and included eosinophilia {1 in 200), 
positive direct Coombs test (1 in 250), and thrombocytosis (1 in 300). 
Hepatic enzyme elevations occurred in 1.2% of patients and included a rise in SGPT {1 in 180), SGOT 
¿1 in 300), alkaline phosphatase (1 in 700), and LDH (1 in 700) 
i sve reactions were reported in 1.2% of patients and included rash (1 in 150) and itching 
i1 in 700). 


Local effects were reported in less than 1.0% of patients and included phlebitis at the site of injection 

‘1 in 300), and discomfort (1 in 500). During postmarketing experience with CEFOTAN, anaphylactic 
“eactions and transient thrombocytopenia have been reported. 

DOSAGE AND ADMINISTRATION n 
TREATMENT: The usual adult dosage is 1 or 2 grams of CEFOTAN administered intravenously or intra- 
muscularly every 12 hours for 5 to 10 days. Proper dosage and route of administration should be deter- 
mined by the condition of the patient, severity of the infection, and susceptibility of the causative organism. 


GENERAL GUIDELINES FOR DOSAGE OF CEFOTAN 














Type of infection Dally Dose Frequency and Route 
Urinary Tract 1-4 grams 500 mg every 12 hours IV or IM 

1 or 2 g every 24 hours IV or IM 

1 or 2 g every 12 hours IV or IM 
Other Sites 2-4 grams 1 or 2 g every 12 hours IV or IM 
Severe 4 grams 2 g every 12 hours IV 
Life-Threatening 6* grams 3 g every 12 hours IV 





“Maximum daily dosage should not exceed 6 grams. 


PROPHYLAXIS: To prevent postoperative infection in clean contaminated or potentially contaminated 
surgery in adults, the recommended dosage is 1 or 2 g of CEFOTAN administered once, intravenously, 
30 to 60 minutes prior to surgery. in patiems undergoing cesarean section, the dose shouid be admin- 
istered as soon as the umbilical cord is clamped. 

IMPAIRED RENAL FUNCTION: When renal function is impaired, a reduced dosage schedule must be 
employed. The following dosage guidelines may be used. 

















DOSAGE GUIDELINES FOR PATIENTS 
Creatinine Clearance WITH IMPAIRED RENAL FUNCTION 
mUuUmin Dose Frequency 
>30 Usual Recommended Dosage” Every 12 hours 
10-30 Usual Recommended Dosage* Every 24 hours 
<10 Usual Recommended Dosage” Every 48 hours 





“Dose determined by the type and severity of infection, and susceptibility of the causative organism. 
Alternatively, the dosing interval may remain constant at 12 hour intervals, but the dose roduced to 
one-half the usual recommended dose for patients with a creatinine clearance of 10-30 mL/min, and 
one-quarter the usual recommended dose for patients with a creatinine clearance of less than 10 mL/min, 
When only serum creatinine levels are available, creatinine clearance may be calculated from ihe 
following formula. The serum creatinine level should represent a steady state of renal function. 


Weight (kg) x (140 - age) 


Males: t-ONONON™$]™FUIAU_u"T4cH 
72 x serum creatinine (mg/100 mL) 


Females: 09 x value for males 

_Cefotetan is dialyzable and it is recommended that for patients undergoing intermittent hemodialy- 
sis, one-quarter of the usual recommended dose be given every 24 hours on days between dialysis 
and one-haif the usual recommended dose on the day of dialysis. 
HOW SUPPLIED 
CEFOTAN is a dry, white to pale yellow powder supplied in viais containing cefotetan disodium equiv- 
alent to 1 g and 2 g cefotetan activity for intravenous and intramuscular administration. The 1 g dose is 
available in 10 mL and 100 mL vials, and the 2 g dose is available in 20 mL and 100 mL vials. CEFOTAN 
is also available in a pharmacy bulk package of 10 g in 100 mL vials. The vials showid not be stored at 
temperatures above 22°C and should be protected trom tight. 

Lg in 10 mL vial (NDC 0098-0376: 10), 2 g in 20 mi vial (NDC 0038-0377-20}; 1 g in 100 ml. vial 

(NDC 0038-0376-11); 2 g in 100 mL vial (NDC 0038-0377-21); 10 g in 100 mi. vial (NDC 0038-0375-10). 


Manufactured for 
STUART PHARMACEUTICALS 


A business unit of ICI Americas Inc. 
Wilmington, Delaware 19897 USA 


Rev. | 11/88 63985-01 



































Cefotan 
arithmetic. 


more cost-effective 
than cefoxitin” 








less frequent dosing 
than cefoxitin’ 








several times the half-life 
of cefoxitin" 


single-dose prophylaxis/ 
twice-daily treatment 





Count on 


CEFOTAN... 


(cefotetan disodium) 


C intra-abdominal and gynecologic N 
due to indicated organisms 





References: 1. Nightingale CH, Smith KS, Quintiliani R, et al: The conversion of cefoxitin usage 
to cefotetan: An interdisciplinary approach. Am J Surg 1988;155(SA}:101-102. 2. Sochaiski A, 
Suliman S, Andriole VT. Cost-effectiveness study of cefotetan versus cefoxitin and cefotetan 
versus combination antibiotic regimens. Am / Surg 1988:155(5A):96-101. 3. CEFOTAN® 
(cefotetan disodium) full prescribing information issued March 1986. 4. Physicians’ Desk 
Reference, ed 43. Oradell, NJ, Medical Economics Co, 1989. Mefoxin® (cefoxitin sodium, MSD), 
pp 1355-7357. 5. Carver M, Quintiliani R, Nightingale CH: Comparative pharmacokinetic 
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Balore prescribing, please consult complete product information, a summary of which follows: 
INDICATIONS AND USAGE: Rocephin: is indicated for the treatment of the following infections when 
caused by susceptible organisms: 

LOWER RESPIRATORY TRACT INFECTIONS caused by Strep. pneumoniae, Streptococcus Spe- 
cies (exchiding enterococc:}, Stapf. aureus, H. influenzae, H. parainfiuenzae, Klebsiella species 
{including K. pneumoniae). E. coli, £. aerogenes, Proteus mirabilis and Serratia marcescens. 


SKIN AND SKIN STRUCTURE INFECTIONS caused by Staph. aureus, Staph. epidermidis, Strep- 
tococeus species (excluding erteracocci), E. cloacae. Klebsiella species (including K. pneumo- 
niae), Proteus mirabilis anc Pseudomonas aeruginosa. 


URINARY TRACT INFECTIONS ‘complicated and uncomplicated) caused by E. coli, Proteus mir- 
äbilis, Proteus vulgaris, M. morgarři and Klebsiella species (including K. pneumoniae} 


UNCOMPLICATED GONORRHEA (cervicai/urethral and rectal) caused by Neisseria gonor- 
thoeae, including both penicilirase and nonpenicillinase producing strains 


PELVIC: INFLAMMATORY CISEASE caused by N. gonorrhoeae. 


BACTERIAL SEPTICEMIA caused by Staph. aureus, Strep. pneumoniae. E. coli, H. influenzae and 
K: pneumoniae, 


BONE AND JOINT INFECTIONS caused by Staph. aureus, Strep. pneumoniae, Streptococcus 
species (excluding enterococci, E coli, P mirabilis, K. pneumoniae and Enterobacter species 


INTRA-ABDOMINAL INFECTIONS caused by £. coli and K, pneumoniae. 


MENINGITIS caused by H. infleenzae, N. meningitidis and Strep. pneumoniae. Ceftriaxone has 
also been used successfully in a limited number of cases of meningitis and shunt infections 
caused by Staph. epidermidis andE. coli 


SURGICAL PROPHYLAXIS: Preoperative administration of a single 1 gm dose may reduce inci- 
dence of postoperative infections in patients undergoing surgical procedures classified as con- 
taminated or potentially contaminaced (e.g., vaginal or abdominal hysterectomy} and in those for 
whom infactionat the operative site presents serious risk {e.g., during coronary artery bypass 
surgery). 

Aithough ceftriaxone has baen shown to have been as effective as 
cefazolin in the prevention of infection following coronary artery by- 
pass surgery, no placebo-controlled trials have been conducted to 
evaluate any cephalosporin antibictic in the prevention of infection 
following coronary artery bypass surgery. When administered be- 
fore indicated surgical procedures, a single 1 gm dose provides 
Protection from most infections dua to susceptible organisms for 
duration of procedure 


SUSCEPTIBILITY TESTING: Before instituting treatment with 
Rocephin, appropriate specimens should be obtained for isolation 
of the causative organism and ‘or determination of its susceptibil- 
ity to the drug. Therapy may be insatuted prior to obtaining results 
of susceptibility testing. 


CONTRAINDICATIONS: Roceahin is contraindicated in patients with 
known alergy to the cephalosporin class of antibiotics 


CAREFUL INQUIRY SHOULD BE MADE TO DETERMINE WHETH- 
ER THE PATIENT HAS HAD PREVIOUS HYPERSENSITIVITY RE- 
ACTIONS TO CEPHALOSPORINS, PENICILLINS OR OTHER 
DRUGS. THIS PRODUCT SHOULD BE GIVEN CAUTIOUSLY TO 
PENICILLIN-SENSITIVE PATIENTS. ANTIBIOTICS SHOULD BE 
ADMINISTERED WITH CAUTION TO ANY PATIENT WHO HAS 
DEMONSTRATED SOME FORM OF ALLERGY, PARTICULARLY TO 
DRUGS. SERIOUS ACUTE HYPERSENSITIVITY REACTIONS MAY 
REQUIRE THE USE OF SUBCUTANEOUS EPINEPHRINE AND 
OTHER EMERGENCY MEASURES. 


Pseudemembranous colitis, reportee with nearly ail antibacterial agents, including ceftriaxone, may 
range in anverity trom mild te life-threatening. Therefore, consider this diagnosis in patients who present 
‘with diarrhea subsequent to administration of antibacterial agents. 


Treatment with antibacterial agents alters normal flora of the colon and may permit overgrowth 
of clostridia. Studies indicate a toxin produced by Clostridium difficile is one primary cause of 
“antibiotic-associated colitis.” 


Alter establishing diagnosis o’ pseudomembranous colitis, initiate therapeutic measures. Mild 
cases of pseudomembranous colits usually respond to drug discontinuation alone. In moderate to 
severe Cases, consider management with fluids and electrolytes, protein supplementation and 
treatment with an oral antibacterialdrug effective against C. difficile 


PRECAUTIONS; GENERAL. Aithoug transient elevations of BUN and serum creatinine have been 
observed, at the recommendec dosages, the nephrotoxic potential of Racephin is simitar to that of 
other cephalcasponns. 

Ceftriaxone is excreted via both biliary and renal excretion (see Clinical Pharmacology). Therefore. 
patients with renal failure normally sequire no adjustment in dosage when usua! doses of Rocephin 
are administered, but concentrations of drug in the serum should be monitored periodically. If evi- 
dence of accumulation exists, dosage should be decreased accordingly. 


Dosage adjustments should not be necessary in patients with hepatic dysfunction, however, in pa- 
tients with both hepatic dysfunction: and significant renai disease, Rocephin dosage shouid not ex- 
ceed 2 gm daily without close moritoring of serum concentrations 


Alterations- in prothrombin times have occurred rarely in patients treated with Rocephin. Patients 
with impaired vitamin K synthesis 3r low vitamin K stores {e.g., chronic hepatic disease and mal- 
nutrition) may require monitoring of prothrombin time during Rocephin treatment. Vitamin K ad- 
ministration (10mg weekly) may be necessary if the prothrombin time is prolonged before or during 
therapy. 

» Prolonged use of Rocephin may result in overgrowth of nonsusceptible organisms. Careful obser- 
‘vation of the patient is esserittial E superinfection occurs during therapy, appropriate measures 
should be taker. 

Rocephin should be prescribed with caution in individuals with a history of gastrointestinal dis- 
ease, especially colitis. 

Rare cases reported of sonographic abnormalities seen in the gallbladder, patients may aiso have 
symptoms of gallbladder disease. These abnormalities, variously described as sludge, precipita- 
tions, echoes with shadows, mey be misinterpreted as concretions. Chemical nature of sonagraph- 
ically-detected material not determined. Condition appears to be transient and reversible upon 
discontinuation of Rocephin.and conservative management. Therefore, discontinue Rocephin if 
signs and symploms suggestive of gallbladder disease and/or the sonographic findings described 
above deveioo. 

CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Carcinogenesis: Considering 
the maximum duration of treatment and the class of the compound. carcinogenicity studies with 
ceftriaxone in animals have not bean performed. The maximum duration of animal toxicity studies 
was six months. 

Mutagenesis: Genetic toxicology tests included the Ames test, a micronucleus test and a test for 
chromosomal aberrations in human lymphocytes cultured in vitro with ceftriaxone. Ceftriaxone 
showed ño potential for mutagenic-activity in these studies. 

Jo, Impairment of Fertility: Cefsriaxene:produced no impairment of fertility when given intravenously to 

: me at. daily doses up to 536 mg/kg/day. approximately 20 times the recommended clinical dose 

of 2 gmiday. 








F: Teratogenic Effects: Pregnancy Category B. Reproductive studies have been per- 

ormec cand rats al doses up to 20 times the usual human dose and have no evidence of 

-cembryolcxicity, letoloxicity of teratogenicity. In primates. no embryotoxicity or teratogenicity was 

demonstrated ata dose approximately three times the human dose. 

Rowever_no adequate and well-controlled studies in pregnant women. Because animal 
side ar nol abvays predictive of human response. this drug shouid be used dur- 
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Nonteratogenic E¥ects. In rats, in the Segment | (lertiity and general reproduction} and Segment Hi! 
(perinata! and postnatal) studies with intravenously administered ceftriaxone. no adversa effacts wate 
noted on various reproductive parameters during gestation and lactation, including postnatal growth, 
junctional behavior and reproductive ability of the offspring, at doses of 586 ma/kg/cday or less. 
NURSING MOTKERS: Low concentrations of ceftriaxone are excreted in hurnan milk. Caution 
shouid be exercised when Rocephin is administered to a nursing woman 


PEDIATRIC USE “Safety and effectiveness of Rocephin in neonates. infants and children have been 
established for the dosages described in the Dosage and Administration section. in vitro studies 
have shown ceftnaxone, like some other cephalosporins, can displace bilirubin from serum albu- 
min. Rocephin shouid not be administered to hyperbilirubinemic neonates, especially prematures: 


ADVERSE REACTIONS: Rocephin is generally well tolerated. In clinical trials, the following adverse 
reactions, which were considered to be related to Rocephin therapy or of uncertain etiology, were 
observed: 

LOCAL REACTICNS—pain, induration or tenderness at the site of injection {1%}. Less frequently 
reported (less than 1%) was phlebitis after |. V. administration. 

HYPERSENSITIV'TY—rash (1.7%). Less frequently reported (less than 1%) were pruritus, fever 
of chilis 

HEMATOLOGIC —eosinophilia {8%}, thrombocytasis (5.1%) and leukopenia (2.1%). Less frequent- 
ly reported (less than 1%} were anemia, neutropenia, lymphopenia, thrombocytopenia and prolon- 
gation of the prothrombin time. 

GASTROINTESTINAL —diarrhea (2.7%). Less frequantly reported (less than 1%) were nausea or 
vomiting. and dysgeusia. Onset af pseudomembranous colitis symptoms may occur during or after 
antibiotic treatment (see WARNINGS) 

HEPATiC—eievations of SGOT (3.1%) or SGPT (3.3%). Less frequently reported (less than 1%) 
were elevations d alkaline phosphatase and bilirubin. 

RENAL——eievations of the BUN (1.2%). Less frequently reported (less than 1%) were elevations of 
creatinine and the presence of casts in the urine. 


CENTRAL NERVOUS SYSTEM—headache or dizziness were te- 
ported occasionally ess than 1%) 


GENITOURINARY —-moniliasis or vaginitis were reported occa- 
sionally (less than 1%}. 

MISCELLANEOUS ---Jiaphoresis and flushing were reported oc- 
casionally {less than 1%) 

Other rarely observed adverse reactions (less than 0.1%) include 
leukocytosis, lymphocytosis, monocytosis, basophilia, a decrease 
in the prothrombin time, jaundice, gallbladder siudge, glycosuria, 
hematuria, anaphylaxis, bronchospasm, serum sickness, abdom- 
inai pain. colitis, flatulence. dyspepsia, palpitations and epistaxis. 
DOSAGE AND ADMINISTRATION: Rocephin may be administered in- 
travenously or intramuscularly. The usual adult daily dose is 1 t0 
2 gm given once a day (or in equally divided doses twice a day) 
depending on the type and severity of the infection. The total daily 
dose should not exceed 4 grams. 

For the treatment of serious miscelianaous infections in children, other 
than meningitis, the recommended total daily dase is 50 to 75 mg/kg 
(not to exceed 2 grams), given in divided doses every 12 hours. 
Generally, Rocephin therapy should be continued for at least two 
days after the signs and symptoms of infection have disappeared, 
The usua! duration ig 4 to 14 days; in complicated infections longer 
therapy may be required 

In the treatment of meningitis, a daily dose of 100 mg/kg (not to ex- 
ceed 4 grams), given in divided doses every 12 hours, should be 
administered with or without a loading dose of 75 mg/kg, 

For the treatmen: of uncomplicated gonococcal infections, a single intramuscular dose of 250 mg 
is recommendec, 

For preoperativewse (surgical prophylaxis), a single dose of 1 gm administered 1/2 to 2 hours be- 
fore surgery is recommended 

When treating insections caused by Streptococcus pyogenes, therapy should be continued for at 
feast ten days 

No dosage adjustment is necessary for patients with impairment of renal or hepatic function; how- 
ever, blood levels should be monitored in patients with severe renal impairment (e.g., dialysis pa- 
tients) and in patients with both renal and hepatic dysfunctions. 

HOW SUPPLIED: Rocephin (ceftriaxone sodium/Roche) is supplied as a sterile crystalline powder in 
giass viais and piggyback bottles. The following packages are available: 


Vials containing 250 mg, 500 mg. 1 gm or 2 gm equivalent of cettriaxone; piggyback bottles con- 





taining 1 gm or 2 gm equivalent of ceftriaxone; bulk pharmacy containers containing 10 gm equiv- - 


alent of ceftriaxone (NOT FOR DIRECT ADMINISTRATION). 

Aiso supplied as a sterile crystailine powder as foliows: 

ADD- Vantage Viais** containing 1 gm or 2 gm equivalent of ceftriaxone 

Aiso supplied premixed as a frozen iso-osmotic, sterile, nonpyrogenic solution of ceftriaxone $o- 
dium in 50 mL single dose plastic containers, ? as follows: 

1 gm equivaler of ceftriaxone, iso-osmotic with approximately 1.9 gm dextrose hydrous, USP 
added 

2 gm equivalen! of ceftriaxone, iso-osmotic with approximately 1.2 gm dextrose hydrous, USP 
added 

NOTE: Rocephir in the frozen state should not be stared above -20°C 

“Registered trademark of Abbott Laboratories, Inc. 


tManufactured for Roche Laboratories, a division of Hoffmann-La Roche ine.. by Travenol Labo- 
ratories, inc., Deerfield, fMlincis 50015 PL 0290 
al 
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&} a division of Hoffmann-La Roche inc. 
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` COMMENTARY 


"Robert E. Condon, MD, MS, Milwaukee, Wis 


‘© The efficacy of treatment protocols for pancreatic and duodenal 
injuries based on injury severity is evaluated. 


Frederick W. Clevenger, MD; Jose A. Acosta, MD; Turner M. Oster, MD; 
Gerald B. Demarest, MD; Donald E. Fry, MD, Albuquerque, NM 


“with noncompliant lungs. 





Irvin. M; Modlin, MD, PhD, Baltimore, Md 
$ Biockade of low concentrations of CCK in the pancreatitis 
model promotes a beneficial effect. 














Robert J. Hye, MD; Alfred T. Mitchell, MD; Christopher E. Dory, MD: 
-Julie A. Freischlag, MD; Arne C. Roberts, MD, San Diego, Calif 
© Cost, ease of insertion, and safety make percutaneous 
insertion of the. Greenfield filter the procedure of choice. 


= fluid collections can be definitively treated with PCD. 
entary: Charles F. Frey, MD, Sacramento, Calif 


-© Barotraumais a significant potential complication of HFJV in patients 


Percutaneous Catheter Drainage of Infected Pancreatic and Peripancreatic Fluid Collections ................ 1554 
David B. Adams, MD; Tracy S. Harvey, MD; Marion C. Anderson, MD, Charleston, SC 


+ With carefully defined patient selection, infected pancreatic and peripancreatic 







_ Chronic Alcohol Ingestion Increases Aortic Lipid Levels in Rats . . . 
G. C. Hunter, MD; C, D. Eskelson, PhD; O. E. Odeleye, MS; M. A. Dubick, PhD; 
J.-J. Piotrowski, MD; KE. Mcintyre, MD; V. M. Bernhard, MD, San Francisco, Calif 
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Reappraisal of Pancreatic and Duodenal Injury Management Based on Injury Severity..................... 1539 
William J. Fynn, Jr, MD: H. Gill Cryer, MD, PhD; J. David Richardson, MD, Louisville, Ky 


Barotrauma Associated With High-Frequency Jet Ventilation for HypoxicSalvage........................ 1542 


Amelioration of Cholinergic-Induced Pancreatitis With a Selective Cholecystokinin Receptor Antagonist........ 1546 
‘Anton J. Bilchik, MD; Karl A, Zucker, MD; Thomas E. Adrian, PhD, MRC(Path); 


“Analysis of the Transition to Percutaneous Placement of GreenfieldFilters..........20.................. 1550 





e Alcohol ingestion increases aortic lipid concentrations in the Sprague-Dawley rats at 28 days. 


_ Neuropeptide Y inhibition of Vasoactive intestinal Polypeptide- 


Stimulated lon Transport in the Rabbit Distal Colon. .......... 


J Scott Flint, MD; Garth H. Ballantyne, MD; James R. Goldenring, MD, PhD; 
L. Peter Fielding, MD; Irvin M. Modlin, MD, PhD, West Haven, Conn 


e Neuropeptide Y inhibits VIP-stimulated short circuit changes by a tetrodotoxin 


insensitive mechanism that decreases tissue levels of cAMP. 


R. Matthew Walsh, MD, Maywood, I; 












~ Gareth D. Griffiths, T. Jeffery Wieman, MD; Louisville, Ky 


_. @ Foot ulceration is more likely to occur in diabetic patients with renal impairment; 


“attempts to preserve functional limbs are justified. 
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Mortality and Quality of Lite After Total Abdominal Colectomy. . . . 


; Gerard V. Aranha, MD, FRCSC, Hines, ill; Robert J. Freeark, MD, Maywood, Ill 
_--@ Total abdominal colectomy should be performed more often in the treatment of large-bowel 
-cancer because of the low morbidity and mortality and satisfactory postoperative bowel function. 


The Influence of Renal Function on Diabetic Foot Ulceration... . . 
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-Does Somatostatin Analogue Prevent Experimental Acute Pancreatitis? .....................0. 000.00 1570 


<0- Kenric M: Murayama, MD; James B. Drew, MS; Raymond J: Joehl, MD, Chicago, Ill 
<3: There is minimal benefit of somatostatin analogue pretreatment in cerulein-inducad pancreatitis. 


Absorptive Hyperemia Restores intestinal Blood Flow During Escherichia coli SepsisintheRat............... 1573 
».-dohn R.: Gosche, MD; R: Neal Garrison, MD; 
. Patrick D. Harris, PhD; H. Gill Cryer, MD, PhD, Louisville, Ky 
@ Glucose-induced absorptive hyperemia restores intestinal blood flow during E coii bacteremia and 
may be a contributing factor in the maintenance of mucosal integrity during enteral feedings. 


* Venous Hemodynamics in a Chronic Venous Valvular Insufficiency Model 
< Stephen G. Lalka, MD; Joseph L. Unthank, PhD; Michael C. Dalsing, MD; 
Dolores F. Cikrit, MD; Alan P..Sawchuk, MD, indianapolis, Ind 
$ Ahemodynamically verified model of venous valvular insufficiency 
has been produced by a valve lysis method. 


‘The Dichotomous Distribution of Gastrinomas.........0000000 00000000 eee eee e en 1584 
“Mark P. Sawicki, MD; Thomas J. Howard, MD; Marci Dalton, Los Angeles, Calif; 

Bruce E. Stabile, MD, San Diego, Calif; Edward Passaro, Jr, MD, Los Angeles, Calif 

|© A right-sided preponderance of both remote and peripancreatic 

‘gastrinomas suggests acommon origin. 
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< Generation of Human Monoclonal Antibodies Against ColonCancer.......002..200200.000 000000 cee eae 1591 
i: Keiji Koda, MD; Mark C. Glassy, PhD; Helena R. Chang, MD, PhD, San Diego, Calif 

$ Combining in vitro immunization to the lymphocytes of cancer patients 
<< May lead to production of useful human monoclonal antibodies. 
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~Ralph:J. Doerr, MD; Hani Abdel-Nabi, MD, PhD; Jon M. Baker, MD, Buffalo, NY; 
“Steven Steinberg, MD, New Orleans, La 

è Unsuspected abdominal and extra-abdominal disease may be detected 

“with MoAb scan in patients with colorectal cancer. 


-Calcium and Calcium Binding in Human Gallstone Disease .............0 0000000000000. a 1606 
Lillian G. Dawes, MD, Robert V. Rege, MD, Chicago, Ill 

@ Precipitation of calcium salts from bile is important in gallstone 

< formation and may serve as a nidus for cholesterol precipitation. 


Cardiac Risk in Vascular Surgery: The Oral Dipyridamole-Thallium Stress Test .............0.0..0..0...000.0, 1610 
‘Michel S. Makaroun, MD; Nursine Shuman-Jackson, MSN; Anita Rippey, MSN; David Schreinez, MD; Stephen Arvan, MD, Pittsburgh, Pa 
» @A positive DTST is a more sensitive predictor of postoperative MI than 

ejection fraction or history of coronary artery disease. 
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“Alan P. Sawchuk, MD; Jens Eldrup-Jorgensen, MD; Chadwick Tober, MD; David McCoy, MD; Joseph Durham, MD, Chicago, I; 
Bruce Waller, MD, Indianapolis, ind; James J. Schuler, MD; D. Preston Flanigan, MD, Chicago, H 
_.@ Arteries with hemodynamically significant stenoses from intimal flaps warrant 
“fepair, with lesser intimal flaps, repair may not be required. 


The Effect of intestinal Resection and Urogastrone on Intestinal Regeneration .....................0.0.. 1617 
~don-S. Thompson, MD; Larry E. Bragg, MD; Shailendra K. Saxena, MD, Omaha, Neb 

@ Intestinal regeneration and urogastrone stimulate epithelialization; UG 

“would not enhance regeneration during intestinal adaptation. 


The Effects of Shear Stress on Endothelial Cell Retention and Function on Expanded Polytetrafluoroethylene .... . 1622 
«Howard P. Greisler, MD; Steven Johnson, MD; 

Kathleen Joyce, PhD; Scott Henderson, Narendra M. Patel, Maywood, Ill; 

“Taha Alkhamis, PhD; Richard Beissinger, PhD, Chicago, Ill; 

< Dae Un Kim, MD, Livingston, NJ 

-@ Persistent cell loss in response to rotational shear differs in identical rates of 

pulsatile shear where loss approached zero after 15 minutes. 


: CLINICAL NOTE 


Surgical Aspects of Sclerosing Encapsulating Peritonitis 
Dilip S. Kittur, MD, ScD, Baltimore, Md; 

-: Subhash W. Korpe, MD, Bombay, India; 

“Roman E. Raytch, MD; Gardner W. Smith, MD, Baltimore, Md 

+ Sclerosing encapsulating peritonitis infrequently has associated surgical complications 
‘of intestinal necrosis and enterocutaneous fistulae. 
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NOW: REASON TO REFER 
VIRTUALLY EVERY PATIENT 
AFTER RESECTION OF 
DUKES’ C COLON CANCER 







PROVEN TO REDUCE 
RISK al RECURRENCE 
41% 


In a 5%2-year, cooperative, randomized trial 
of 929 Dukes’ C patients after surgical resection: 


ERGAMISOL' +5-FU significantly increased overall survival 
and reduced tumor recurrences 


Regimen well-tolerated; adverse reactions 
“did not greatly impede patients’ compliance 
with their regimen” 


NEW 


ERGAMISOL 


== LEVAMISOLE HCl mars 


in combination with 5-fluorouracil 
Considered 


Today’s Standard 


PHARMACEUTICA 


JANSSEN 


Reference: 1. Moertel CG, Fleming TR, Macdonald JS, et al. Levamisole and fluorouracil for adjuvant 
therapy of resected colon carcinoma. New Engl J Med. 1990;322:352-358. 


A Please see brief summary of prescribing information on next page. 
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ERGAMISOL® (Levamisole Hydrochloride) Tablets 


Before prescribing, please consult complete prescribing information of which the 
following is a brief summary. 


INDICATIONS AND USAGE: ERGAMISOL (levamisole hydrochloride) is only indi- 
cated as adjuvant treatment in combination with fluorouracil after surgical resection 
in patients with Dukes’ stage C colon cancer. 


CONTRAINDICATIONS: ERGAMISOL (levamisole hydrochloride) is contraindi- 
cated in patients with a known hypersensitivity to the drug or its components. 


WARNINGS: ERGAMISOL (levamisole hydrochloride) has been associated with 
agranulocytosis, sometimes fatal. The onset of agranulocytosis is frequently accom- 
panied by a flu-like syndrome (fever, chills, etc.); however, in a small number of 
patients it is asymptomatic. A flu-like syndrome may also occur in the absence of 
agranulocytosis. It is essential at gla hematological monitoring be done 
routinely during therapy with ERGAMISOL and fluorouracil. Neutropenia is usually 
reversible following discontinuation of therapy. Patients should be instructed to report 
immediately any flu-like symptoms. 

Higher than recommended doses of ERGAMISOL may be associated with an in- 
creased Aol of agranulocytosis, so the recommended dose should not be 
exceeded. 


The combination of ERGAMISOL and fluorouracil has been associated with frequent 
neutropenia, anemia and thrombocytopenia. 

PRECAUTIONS: Before beginning this combination adjuvant treatment, the physi- 
cian should become familiar with the labeling for fluorouracil. 


Information for Patients: The patient should be informed that if flu-like symptoms or 
malaise occurs, the physician should be notified immediately. 


Drug Interactions: ERGAMISOL (levamisole hydrochloride) has been reported to 
produce “ANTABUSE®’’-like side effects when gron concomitantly with alcohol. 
Concomitant administration of pangan and ERGAMISOL plus fluorouracil has led 
to increased plasma levels of phenytoin. The physician is advised to monitor plasma 
levels of phenytoin and to decrease the dose if necessary. 


ey Tests: On the first day of meron with ERGAMISOL/fluorouracil, pa- 
tients should have a CBC with differential and platelets, electrolytes and liver function 
tests performed. Thereafter, a CBC with differential and platelets should be per- 
formed weekly prior to each treatment with fluorouracil with electrolytes and liver 
function tests performed every 3 months for a total of one year. modifications 
should be instituted as follows: If WBC is 2500-3500/mm3 defer the fluorouracil dose 
until WBC is > 3500/mm3. If WBC is < 2500/mmsS, defer the fluorouracil dose until 
WBC is > 3500/mms; then resume the fluorouracil dose reduced by 20%. If WBC 
remains < 2500/mms for over 10 days despite deferring fluorouracil, discontinue 
administration of ERGAMISOL. Both drugs should be deferred unless enough plate- 
lets are present (= 100,000/mms). 


Carcinogenesis, Mutagenesis, Impairment of Fertility: Adequate animal car- 
cinogenicity studies have not been conducted with levamisole. Studies of levamisole 
administered in drinking water at 5, 20, and 80 mg/kg/day to mice for upto 18 months 
or administered to rats in the diet at 5, 20, and 80 mg/kg/day for 24 months showed no 
evidence of neoplastic effects. These studies were not conducted at the maximum 
tolerated dose, therefore the animals may not have been exposed to a reasonable 
drug challenge. No mutagenic effects were demonstrated in dominant lethal studies 
in male and female mice, in an Ames test, and in a study to detect chromosomal 
aberrations in cultured peripheral human lymphocytes. 


Adverse effects were not observed on male or female oniy when levamisole was 
administered to rats in the diet at doses of 2.5, 10, 40, and 160 mg/kg. Ina rat gava 
study at doses of 20, 60, and 180 mg/kg, the copulation period was increased, t 
duration of pregnancy was slightly increased, and fertility, pup viability and weight, 
lactation index, and number of fetuses were decreased at 60 mg/kg. No negative 
reproductive effects were present when the offspring were allowed to mate and litter. 
Pregnancy: Pregnancy Category C: Teratogenicity studies have been performed in 
rats and rabbits at oral doses up to 180 mg/kg. Fetal malformations were not ob- 
served. In rats, embryotoxicity was present at 160 mg/kg and in rabbits, significant 
embryotoxicity was observed at 180 mg/kg. There are no adequate and well- 
controlled studies in pregnant women and ERGAMISOL should not be administered 
unless ried mdr benefits outweigh the risks. Women taking the combination of 
ERGAMISOL and fluorouracil should be advised not to become pregnant. 

Nursing Mothers: It is not known whether ERGAMISOL is excreted in human milk; it 
oe edin ewe milk. Because ofthe pes 

for serious adverse reactions in nursing infants , 

from ERGAMISOL, a decision should be made IN DUKES’ C 
whether to discontinue nursing or to discontinue 

the drug, taking into account the importance of COLON 
the drug to the mother. CANCER 


Pediatric Use: Sanny and effectiveness of 
ERGAMISOL in children have not been 
established. 
ADVERSE REACTIONS: Almost all patients re- 
ceiving ERGAMISOL (levamisole h hloride) 
and fluorouracil reported adverse experiences. 
Tabulated below is the incidence of adverse ex- 
periences that occurred in at least 1% of patients 
enrolled in two clinical trials who were adjuvant! 
treated with either ERGAMISOL or ERGAMISO! 
us fluorouracil following colon surgery. In the 
arger clinical trial, 66 of patients (14%) dis- 
continued the combination of ERGAMISOL plus 
fluorouracil because of adverse reactions. Forty- 
three of these patients (9%) developed isolated 
oracombination of gastrointestinal toxicities (e.g. 
nausea, vomiting, diarrhea, stomatitis and 
anorexia). Ten patients developed rash and/or 
pruritus. Five patients discontinued therapy be- 
cause of flu-like symptoms or fever with chills; ten 
patients developed central nervous system 
oms such as dizziness, ataxia, depression, 
confusion, memory loss, weakness, inability to 
concentrate, and headache; two patients de- 
reversible neutropenia and sepsis; one 
patient because of thrombocytopenia; one pa- 
tient because of hyperbilirubinemia. One patient in the ERGAMISOL plusfluorouracil 
group developed agranulocytosis and sepsis and died. 
In the ERGAMISOL alone arm of the trial, 15 of 310 patients (4.8%) discontinued 
therapy because of adverse experiences. Six of these (2%) discontinued because of 
rash, six because of arthralgia/myalgia, and one each for fever and neutropenia, 
urinary infection, and cough. 


For medical questions, call 1-800-253-3682 (9 AM-5 PM Eastern Time). 





ERGAMISOL 


-LEVAMISOLE HCl mu's 


in combination with 5-fluorourccil 


Gastrointestinal 
Nausea 

Diarrhea 
Stomatitis 
Vomiting 
Anorexia 
Abdominakpain 
Constipatim 
Flatulence 
Dyspepsia 
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Anemia 

Granulocytepenia 

Epistaxis 

Skin and Appendages 

Dermatitis 

Alopecia 

Pruritus 

Skin discoleration 

Urticaria 

Body as a Whole 


Resistance Mechanisms 
Infection 

Special Serses 

Taste Perversion 

Altered sen of smell 
Musculoskeretal System 
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Central and veripheral nervous system 


Dizziness 
Headache 
Paresthesia_ 

taxia 
Psychiatric 
Somnolence 
Depression 
Nervousness 
Insomnia 
Anxiety 
Forgetfulnes- 
Vision 
Abnormal tearing 
Blurred vision 
Conjunctiviti= 
Liver and biBary system 
Hyperbilirubimemia 
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In worldwide experience with ERGAMISOL, less 
frequent adverse experiences included exfolia- 
tive dermatitis, periorbital edema, vaginal bleed- 
ing, anaphylaxis, confusion, convulsions, 
hallucinations, impaired concentration, renal 
failure, elevated serum creatinine, and increased 
alkaline phosphatase. An encephalopathy - like 
syndrome has been reported in patients treated 
with ERGAMISOL. 


The following additional adverse experiences 
have been reported for fluorouracil alone: 
esophagopharyngitis, pancytopenia, myocardial 
ischemia, angina, gastrointestinal ulceration and 
bleeding, anaphylaxis and generalized allergic 
reactions, acute cerebellar syndrome, nystag- 
mus, dry skin, fissuring, photosensitivity, lacrimal 
duct stenosis, photophobia, euphoria, throm- 
bophlebitis, and nail changes. 

HOW SUPPLIED: ERGAMISOL (levamisole hy- 
drochloride) is available in white, coated tablets 
containing the equivalent of 50 mg of levamisole 
base, debossed “JANSSEN” a! rY 


They are uppoa in blister packages of 36 tab- 
lets (NDC 50458-270-36). 

Store at room temperature, 15°-30°C (59°-86°F). 
Protect from moisture. 


Distributed by: 


Janssen Pharæaceutica, nv Janssen Pharmaceutica Inc. 
Piscataway, NJ 08854 


JANSSEN 
PHARMACEUTICA 


U.S. Patent Number 4,584,305 
August 1990 JPI-ER-010 
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| DEMAND 
ALOT 
FROM AN 
ANTIBIOTIC 


MEFOXIN 

.. with well-documented 
clinical experience* 

.. broad coverage 
of important 
aerobes and anaerobes, 
including the 
B. fragilis group 


.. used in over 14 million patients. 


BALANCED COVERAGE’ WITH 


MEFOXIN* 


(CEFOXITIN SODIUMIMSD) 


tin vitro activity against indicated aerobes and anaerobes 


MEFOXIN is contraindicated in patients who have shown hypersensi- 
tivity to cefoxitin and the cephalosporin group of antibiotics. 
MEFOXIN is not active in vitro against most strains of Pseudomonas 
aeruginosa and enterococci (e.g., Streptococcus faecalis) and many 
strains-of Enterobacter cloacae. Methicillin-resistant staphylococci 
are almost uniformly resistant to MEFOXIN. 

*in infections caused by indicated organisms at indicated sites 


Please see following page for a Brief Summary of Prescribing Information. 





BALANCED 
COVERAGE WITH 


MEFOXIN* 


CEFOXITIN SODIUM|MSD 


tin vitro activity against indicated aerobes and anaerobes 


Indications and Usage: /reatment—Serious infections caused by susceptible strains of the 
designated microorganisms in the following diseases: 

LOWER RESPIRATORY TRACT INFECTIONS, including pneumonia and lung abscess, caused by 
Streptococcus pneumoniae, other streptococci (excluding enterococci, e.g., Strep. faecalis), Staphy- 
lococcus aureus (penicillinase and non-penicillinase producing), Escherichia coli, Klebsiella species, 
Hemophilus influenzae, and Bacteroides species. 

GENITOURINARY INFECTIONS. Urinary tract infections caused by £. coli, Klebsiella species, Proteus 
mirabilis, indole-positive Proteus (which include the organisms now called Morganella morganii and 
Proteus vulgaris), and Providencia species (including Providencia rettgeri). Uncomplicated gonorrhea 
due to Neisseria gonorrhoeae (penicillinase and non-penicillinase producing). 

INTRA-ABDOMINAL INFECTIONS, including peritonitis and intra-abdominal abscess, caused by £. 
coli, Klebsiella species, Bacteroides species including the B fragilis group* and Clostridium species. 
GYNECOLOGICAL INFECTIONS, including endometritis, pelvic cellulitis, and pelvic inflammatory 
disease, caused by E. coli, N. gonorrhoeae (penicillinase and non-penicillinase producing), Bacte- 
roides species including the B. fragilis group* Clostridium species, Peptococcus species, Pepto- 
streptococcus species, and group B streptococci. 

SEPTICEMIA caused by Strep. pneumoniae, Staph. aureus (penicillinase and non-penicillinase 
producing), E. coli, Klebsiella species, and Bacteroides species including the B fragilis group* 

BONE AND JOINT INFECTIONS caused by Staph. aureus (penicillinase and non-penicillinase 
producing). 

SKIN AND SKIN STRUCTURE INFECTIONS caused by Staph. aureus (penicillinase and non-penicillin- 
ase producing), Staph. epidermidis, streptococci (excluding enterococci, e.g., Strep. faecalis), E. coli, 
P. mirabilis, Klebsiella species, Bacteroides species including the B. fragilis group” Clostridium 
species, Peptococcus species, and Peptostreptococcus species. 

Although appropriate culture and susceptibility studies should be performed, therapy may be started 
while awaiting these results. Cefoxitin is not active in vitro against most strains of Pseudomonas 
aeruginosa and enterococci (e.g., Strep. faecalis) and many strains of Enterobacter cloacae. Methicil- 
lin-resistant staphylococci are almost uniformly resistant to cefoxitin. 

Prevention—Prophylactic use in surgical procedures (e.g., hysterectomy, gastrointestinal surgery, 
cesarean section, transurethral prostatectomy) classified as contaminated or potentially contami- 
nated or in patients in whom subsequent infection at the operative site would present a serious risk, 
e.g., prosthetic arthroplasty. 

MEFOXIN® (Cefoxitin Sodium, MSD) usually should be given % to 1 hour before surgery and should 
usually be stopped within 24 hours since continuing administration of any antibiotic increases the 
possibility of adverse reactions but, in the majority of surgical procedures, does not reduce the 
incidence of subsequent infection. However, in patients undergoing prosthetic arthroplasty, it is 
recommended that MEFOXIN be continued for 72 hours after the surgical procedure. If there are signs 
of infection, specimens for culture should be obtained for identification of the causative organism so 
appropriate treatment may be instituted. 

Contraindications: Previous hypersensitivity to cefoxitin and the cephalosporin group of anti- 
biotics. 

Warnings: BEFORE THERAPY IS INSTITUTED, CAREFUL INQUIRY SHOULD BE MADE TO DETER- 
MINE PREVIOUS HYPERSENSITIVITY REACTIONS TO CEFOXITIN, CEPHALOSPORINS, PENICILLINS, 
OR OTHER DRUGS. GIVE WITH CAUTION TO PENICILLIN-SENSITIVE PATIENTS. ANTIBIOTICS 
SHOULD BE ADMINISTERED WITH CAUTION TO ANY PATIENT WHO HAS DEMONSTRATED SOME 
FORM OF ALLERGY, PARTICULARLY TO DRUGS. IF AN ALLERGIC REACTION TO CEFOXITIN OCCURS, 
DISCONTINUE THE DRUG. SERIOUS HYPERSENSITIVITY REACTIONS MAY REQUIRE EPINEPHRINE 
AND OTHER EMERGENCY MEASURES. 

Pseudomembranous colitis, from mild to life-threatening in severity, has been reported 
with virtually all antibiotics (including cephalosporins); therefore, it is important to con- 
sider its diagnosis when diarrhea develops in association with antibiotic use. Broad-spec- 
trum antibiotics alter normal flora of colon and may permit overgrowth of clostridia; a toxin produced 
by Clostridium difficile is a primary cause of antibiotic-associated colitis. Mild cases may respond to 
drug discontinuance alone; in more severe cases, management may include sigmoidoscopy, appro- 
priate bacteriological studies, fluid, electrolyte and protein supplementation, and use of a drug such 


*B. fragilis, B. distasonis, B. ovatus, B. thetaiotaomicron, B. vulgatus 
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as oral vancomwcin; isolation of the patient may be advisable. Other causes of colitis should also be 
considered. 

Precautions: #enera/—Total daily dose should be reduced in patients with reduced urinary output 
due to renal insufficiency because high and prolonged serum antibiotic concentrations can occur 
from usual doses. Prescribe with caution in patients with a history of gastrointestinal disease, 
particularly colmis. Prolonged use may result in overgrowth of nonsusceptible organisms; repeated 
evaluation of the patient's condition is essential. If superinfection occurs, take appropriate measures. 
Drug Interactioas—increased nephrotoxicity has been reported following concomitant administra- 
tion of cephalosporins and aminoglycoside antibiotics. 

Drug/Laborators Test Interactions—High concentrations (>100 mcg/mL) may interfere with mea- 
surement of seum and urine creatinine levels by the Jaffé reaction and produce false increases of 
modest degree n creatinine levels reported; serum samples should not be analyzed for creatinine if 
withdrawn withan 2 hours of cefoxitin administration. High concentrations may interfere with mea- 
surement of urnary 17-hydroxy-corticosteroids by the Porter-Silber reaction and produce false 
increases of mcdest degree in levels reported. A false-positive reaction for glucose in urine has been 
observed with CLINITEST** reagent tablets. 

Carcinogenesis: Mutagenesis, Fertility Impairment—No long-term animal study has been performed 
on carcinogenic or mutagenic potential. Rat studies at approximately three times maximum recom- 
mended humaredosage revealed no effects on fertility or mating ability. 

Pregnancy Category B—Reproduction studies in rats and mice did not reveal teratogenic or fetal toxic 
effects, althougn fetal weights were slightly decreased. In rabbits, cefoxitin was associated with a 
high incidence G abortion and maternal death, neither considered teratogenic. There are, however, no 
adequate and well-controlled studies in pregnant women. Because animal reproduction studies are 
not always precctive of human response, this drug should be used during pregnancy only if clearly 
needed 

Nursing Mothes—Excreted in human milk: Exercise caution. 

Pediatric Use—Satety and efficacy in infants from birth to three months have not yet been estab- 
lished. In childeen three months and older, higher doses have been associated with increased 
incidence of eosnophilia and elevated SGOT. 

Adverse Reactions: The most common adverse reactions have been local reactions following 
intravenous or iatramuscular injection. Other adverse reactions have been encountered infrequently. 
Local Reaction—Thrombophlebitis with intravenous administration; pain, induration, and tender- 
ness after intramuscular injections. Allergic Reactions—Rash (including exfoliative dermatitis), pru- 
ritus, eosinophilia, fever, and other allergic reactions including anaphylaxis. Cardiovascular— 
Hypotension. Gestrointestinal/—Diarrhea, including documented pseudomembranous colitis during 
or after treatment, and, rarely, nausea and vomiting. Blood—Eosinophilia, leukopenia including 
granulocytopersa, neutropenia, anemia, including hemolytic anemia, thrombocytopenia, and bone 
marrow depresson. A positive direct Coombs test may develop in some individuals, especially those 
with azotemia. «/ver Function—Transient elevations in SGOT, SGPT, serum LDH, and serum alkaline 
phosphatase; jaundice. Renal Function—Elevations in serum creatinine and/or blood urea nitrogen 
levels and, rarel, acute renal failure 

Note: In group « beta-hemolytic streptococcal infections, therapy should be maintained for at least 
10 days to guas against the risk of rheumatic fever or glomerulonephritis. In staphylococcal and 
other infections nvolving a collection of pus, surgical drainage should be carried out where indicated. 
Intramuscular injections should be well within the body of a relatively large muscle such as the upper 
outer quadrant 3f the buttock (i.e., gluteus maximus); aspiration is necessary to avoid inadvertent 
injection into a blood vessel. The total daily dosage in infants and children should not exceed 
12 grams. 

How Supplied-Sterile cefoxitin sodium in vials, infusion bottles, and ADD-Vantage®* vials contain- 
ing 1 gram or 2 arams cefoxitin equivalent and in 10-gram bulk bottles, 


**Registered trademark of Ames Company, Division of Miles Laboratories, Inc. 
‘Registered trademark of Abbott Laboratories, Inc. 


MSD 


Bethe 


For more detailed information, consu rl MSD Representative 
or see Prescribieg Information. Merck Sharp & Dohme, 


Division of Merc & Co., INC., West Point, PA 19486 — JOMF74(126) 


Russ Pharmaceuticals, Inc. 


v's hematinic 
helps restore 
patients to their 


true colors 





Anemia is a growing problem — The complete hematinic, complete 


beyond hematologic parameters with intrinsic factor 

w The Elderly TRINSICON’s unique formulation provides 
D Risk for anemia increases with the necessary nutrients for successful 
chronic disease, concomitant medication, erythropoiesis 
G.I. surgery "°? O Vitamin B,, with Intrinsic Factor 
Surgical Patients o Iron D Folic acid O Other B-complex vitamins 
o Use of autologous transfusions“ may increase O Vitamin C, which activates folic acid and 
anemia increases iron absorption 
Limited Heme Iron Consumption Effective in the treatment of 
O May predispose patients to iron deficiency nutritionally responsive anemias 
E e a a Bet ianism may help o Iron deficiency O Vitamin B,» deficiency 
Induce vitamın B2 deficiency g Folate deficiency 


(The specific causels] of the anemia should always be investigated.) 


TRINSICON rir: 


Hematinic Concentrate with Intrinsic Factor HEMATINIC 


Please see Brief Summary of Prescribing Information on adjacent page. 
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1984:18(10}:86-124. 6. Robinson CH, Lawler MR. The water- 
soluble vitamins: the vitamin-B complex. In: Normal and 
Therapeutic Nutrition. 16th ed. New York, NY: Macmillan 
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Brief Summary 
TRINSICON® 


Hematinic Concentrate with Intrinsic Factor 
A Highly Potent Oral Antianemia Preparation 


INDICATIONS AND USAGE: TRINSICON® is a multi- 
factor preparation effective in the treatment of 
anemias that respond to oral hematinics, including 
pernicious anemia and other megaloblastic anemias 
and also iron-deficiency anemia. Therapeutic quan- 
tities of hematopoietic factors that are known to be 
important are present in the recommended daily 
dose. CONTRAINDICATIONS: Hemochromatosis 
and hemosiderosis are contraindications to iron 
therapy. PRECAUTIONS: General: Anemia is a man- 
ifestation that requires appropriate investigation to 
determine its cause or causes. Folic acid alone is 
unwarranted in the treatment of pure vitamin B.o 
deficiency states, such as pernicious anemia. Folic 
acid may obscure pernicious anemia in that the blood 
picture may revert to normal while neurolological 
manifestations remain progressive. As with all prepa- 
rations containing intrinsic factor, resistance may 
develop in some cases of pernicious anemia to the 
potentiation of absorption of physiologic doses of 
vitamin B42. If resistance occurs, parenteral therapy 
or oral therapy with so-called massive doses of vita- 
min B, may be necessary for adequate treatment of 
the patient. No single regimen fits all cases, and the 
status of the patient observed in follow-up is the final 
criterion for adequacy of therapy. Periodic clinical 
and laboratory studies are considered essential and 
are recommended. Pregnancy: Pregnancy Category 
C: Animal reproduction studies have not been con- 
ducted with TRINSICON® It is also not known 
whether TRINSICON can cause fetal harm when ad- 
ministered to a pregnant woman or can affect repro- 
duction capacity. TRINSICON should be given to a 
pregnant woman only if clearly needed. Nursing 
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Commentary 


Selective Bowel Decontamination 


: Less Enthusiasm and More Study Is in Order 


i K clective bowel dezontamination is a method of antibiotic 
_.» KJ prophylaxis aimed at reducing the incidence of nosocomial 
pneumonia and mortälity in intubated ventilated patients in 
the intensive care unit (CU). It involves the administration 
_ of short-term parenteral antibiotics coupled with the applica- 
tion of antibiotic paste to the oral mucous membranes and 
liquid antibiotics administered via a nasogastric tube for up to 
|. 4-weeks. The underlying hypothesis involves these assump- 
tions: First, intubated ventilated patients in the ICU have an 
-increased incidence of nosocomial pneumonia as well as other 
< infections. Second, the tacteria causing these infections are 
_- endogenous gram-negative aerobes originating in the gut. 
. Third, control of these infections can be accomplished through 
ibiotie rophylaxiewith no adverse impact on the bacterial 
ology of the patient or the ICU environment. Fourth, and 
portant, use of this complex regimen of antibiotic 
ylaxis in intubaied, ventilated patients i in the ICU re- 
. ‘sults i in a decrease in aosocomial pneumonia and other infec- 
_ tions and in consequent mortality. None of these assumptions 
_ has been demonstrated unequivocally to be true. 
= Although the originators of selective gut decontamination’? 
have not conducted a eontrolled clinical trial to document the 
> efficacy of the method, several other investigators have com- 
pleted such trials, Growing enthusiasm for implementation of 
selective bowel decontamination” suggests that evaluation of 
. this. evidence is in order. Only a summary can be included 
‘here; interested surgeons should read the original reports for 
more details. 
prospective clinical trials have been conducted (B. 
ids, P. Blair, written communication, June 1990).*” 
a They were all structuzed so that subjects undergoing selec- 
— tive bowel decontamination were compared randomly with 
- untreated controls. The patients in both the control and treat- 
ment groups were intubated, ventilated patients in the ICU; 
infections appearing within the first 48 hours of hospitaliza- 
n tion usually were discourted as being of community origin. 
_. Although the exact antibiotic regimen recommended by Stou- 
_ tenbeek and colleagues” was not always precisely followed, 
_ the antibiotic therapy used in each trial was appropriate, in 
- my judgment, to accomplish the major objectives. 
_ | In these clinical trials, a diagnosis of nosocomial pneumonia 
ee made ifa new infiltrate that was not reversible leby physio- 




























pressed leukocyte count, and evidence of hypoxia on blood gas 
analysis. The outcomes of these trials demonstrated a signifi- 
cant decrease in the occurrence of nosocomial pneumonia; 
often urinary tract infections and other similar afflictions 
were also reduced in incidence. However, mortality usually 
was not affected. Meta-analysis of the data from the prospec- 
tive trials confirmed the lack of a significant effect of selective 
bowel decontamination on mortality. 

The major problem with all of the clinical trials of selective 
bowel decontamination is a lack of blinding. Conscious or. 
unconscious bias in classifying patients and determining out- 
comes is, therefore, a potential difficulty. Diagnosing nosoco- 
mial pneumonia, and distinguishing it from tracheobronchi- 
tis, atelectasis, and adult respiratory distress syndrome 
based on the diagnostic criteria listed above, is a subjective 
clinical exercise. The decision that an infiltrate on a chest 
roentgenogram represents only atelectasis rather than pneu- 
monia, particularly when the decision is made retrospective- 
ly, may be subtly influenced by knowledge of the treatment 
employed. The opportunities for bias in an unblinded clinical 
trial are readily apparent, and conclusions drawn from such 
trials are very uncertain. 

Additionally, the occurrence of a Hawthorn effect in the 
reported clinical trials is a real possibility. Support for this 
assertion comes from the report by Brun-Buisson and col- 


leagues," who conducted a trial of selective bowel decontami- = 


nation in an attempt to control an outbreak of infections due to. 
amultiresistant Klebsiella. Data on the baseline incidence of 
nosocomial pneumonia in their ICU, and of the effects of 
instituting their study comparing antibiotic prophylaxis 
against untreated controls, was recorded. During the study, 
both treated and untreated patients had a marked decrease in 
the incidence of nosocomial pneumonia and other infections 
compared with the baseline period. Thus, just being a subject 
in the study had a salutary effect, even when no antibiotics 
were administered. Such an observation reinforces the need 
for conducting clinical trials of selective bowel decontamina- 


tion on a blinded basis. Blinding is not difficult to arrange; it © 


involves applying to the untreated control group the oral. 
paste and liquid vehicles used to carry antibiotics in the 
treated group of patients. 


Another problem in the clinical trials reported to dateisthe = 
observation that selective bowel decontamination does not 


improve mortality. Selective bowel decontamination does re- 
duce the risk of nosocomial pneumonia, but patients die none- 
theless of other causes. This situation is reminiscent of the 
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controlled trials of prophylactic portacaval shunting reported 
some years ago." Prophylactic shunting prevented the un- 
desirable effect of bleeding from esophageal varices, but the 
research subjects died anyway at the same rate as controls 
due to other causes, principally liver failure. Prophylactic 
portacaval shunting has, quite properly, not become an ac- 
cepted clinical treatment option. Similarly, unless selective 
“ bowel decontamination can be demonstrated to have a posi- 
tive effect:on the overall mortality risk of patients in the ICU, 
it becomes merely an exercise in changing the mode of the 
patients death and probably is not worth the effort. 

There are other, more minor objections to the application of 
selective gut decontamination at this stage of our understand- 
ing. Although some reports” have supported the notion that 
the necessarily prolonged use of this technique of antibiotic 
prophylaxis does not lead to the emergence of resistant organ- 
isms, my view is that such a fortuitous outcome cannot be 
sustained over time. The need to treat patients with antibiot- 
ics for more than 1 or 2 days clearly involves a risk. If the past 
is any guide to the future, it is inevitable that bacteria eventu- 
ally will become resistant to the antibiotics employed for 
selective bowel decontamination. In addition, evidence is 
beginning to emerge that although selective bowel decon- 
tamination reduces the incidence of gram-negative infections, 
the incidence of gram-positive colonization” and transloca- 
tion” increases with this prophylactic treatment. 

So, what is the present position? Selective bowel decon- 
| tamination presents an attractive hypothesis, but one that is 

>not. yet proved. The flawed evidence available to date sug- 
gests that there may be positive effects from use of this 
prophylactic antibiotic regimen, but the data do not establish 
< such as fact. What is needed, of course, is a large, blinded 
` clinical trial. Until the results of such a trial are available, 
` Selective bowel decontamination should be viewed as an un- 
proved and experimental method of therapy, and patients 
should not be subjected to its potential risks outside the 
- structure of a controlled clinical trial. 


ROBERT E. CONDON, MD, MS 
Milwaukee, Wis 
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: Papers Read Before the 14th Annual Surgical 
: Symposium of The Association of Veterans Affairs 
_ Surgeons, Charleston, SC, May 7 to 9, 1990 


Reappraisal of Pancreatic and Duodenal Injury 


Management Based on Injury Severity 


William J. Flynn, Jr, MD; H 


i-i. @ We: evaluated the effectiveness of treatment protocols for 
pancreatic and duodenal injuries according to the severity of 
< Injury. Of 81 patients, 65 survived initial injury. Pancreatic inju- 
rles without ductal involvement occurred in 21 patients and were 
treated by drainage. $o late deaths occurred. Pancreatic injuries 
with ductaldisruption occurred in 18 patients and were treated by 
pancreatic resection. Abscesses developed in seven (39%) of the 
patients, but no late deaths occurred. Nineteen patients had 
> duodenal injuries without pancreatic injury, and no duodenal 
; complications occurred. Simple closure sufficed for injuries af- 
ting up to 40% of the duodenal circumference. Wounds affect- 
ing up to 40% of theiuodenal circumference can be treated by 
suture closure alone: Adjunctive duodenal tube decompression 
should be reserved for wounds affecting greater than 40% of the 
duodenal circumference, closure under tension, and associated 
injuries to the head of the pancreas. Pyloric exclusion was rarely 
necessary in our patients. 
(Arch Surg. 1990;125:1539-1541) 







anagement of pancreatic and duodenal injuries remains 

. controversial, without a consensus for optimal treat- 

zo ment. The percentage of patients with duodenal injuries 
treated by primary duodenal closure alone,” closure with 
we decompressive tube cuocdenostomy,* and pyloric exclusion 
: varies: widely from institution to institution.” Adjuncts to 
__. primary closure areused extensively at some institutions, but 
rarely at others. Management of distal pancreatic wounds is 

_ less controversial,” bu: management of proximal pancreatic 
-ductal injuries and ecmbined pancreaticoduodenal i injuries 
remains problematic. Investigators at our institution’’ have 
proposed protocols based on the severity of pancreatic and 
duodenal injury inan effort to standardize management of 
these wounds. This stady was undertaken to determine the 
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effectiveness of these protocols in treating patients with pan- 
creatic, duodenal, or combined pancreaticoduodenal wounds. 


MATERIALS AND METHODS 


We retrospectively studied 81 consecutive patients with pancreat- 
ic, duodenal, or combined pancreaticoduodena! injuries who were 
treated at Humana Hospital University, Louisville, Ky, from 1984 to. 
1989. There were 60 men and 21 women (mean age, 33 years). — 
Indications for operation, severity of injury, associated injuries, us 
operative procedures, complications, and mortality were tabulated. 

The management protocol for duodenal injuries was based on. 
previously described injury grades.” According to this protocol, dug- 
denal hematomas and serosal tears (grade I) were to be treated with 
nasogastric decompression alone. Simple lacerations affecting less” 
than 20% of the duodenal circumference (grade IT) were to be closed in 
two layers without tube decompression. Duodenal defects affecting 
between 20% and 70% of the duodenal circumference (grade ITT) were 
to be closed in two layers, with tube decompression as an adjunct. 
Defects affecting greater than 70% of the duodenal circumference 
(grade IV) were to be managed by more complex methods, including 
pyloric exclusion. 

Pancreatic injuries were ed according to a previously de- 
scribed injury classification.’ According to this protocol, pancreatic 
contusions (grade I) were to be treated by suction drainage alone and 
minor pancreatic parenchymal lacerations (grade IT) were to be 
treated by débridement and suction drainage. When pancreatic duc- 
tal injury was suspected (grade IID, distal pancreatic resection was 
to be employed. Severe crush injuries (grade IV) were to be treated 
by débridement, drainage, or resection, depending on location and 
associated injuries. 

Combined pancreaticoducdenal injuries were classified according 
to the scheme proposed by Moore and Moore,” who classified grade I; 
injuries as partial-thickness duodenal injuries without pancreatic - 
ductal involvement. Grade II wounds were full-thickness duodenal 
wounds without panereatic ductal involvement, grade HI injuries 
were full-thickness duodenal wounds accompanied by distal panere- 
atic ductal injury; grade IV injuries included duodenal wounds that 
affected greater than 20% of duodenal circumference and that in- 


volved a major proximal pancreatic ductal disruption; and grade V > — 


injuries were classified as causing devitalizing injury to both duode- 
num and pancreas. 

We have treated injuries from grade I through grade IV by treat- 
ing their component parts separately, as described with isolated 
duodenal or pancreatic injury. Grade V injuries were treated bya 


more aggressive operation, including pyloric exclusion, duodenal __ 


diverticulization, or resection, in the most severe cases. 
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Table 1.— Associated Injuries 


Pancreas Duodenum Combined 
Stomach 16 3 
Small bowel 3 5 
Colon 9 10 3 



































































Gallbladder 2 3 3 
Liver 18 5 
Abdominal vascular 11 5 
t1 3 
Diaphragm 5 0 
Heart 1 0 
Spleen 14 0 
Other 10 5 





Table 2.— Duodenal Injury Management (n = 19)* 


Injury % 
or Circumference Nasogastric Closure Closure and 
Lost Compression Alone Decompression 
l 0 3 0 0 

(partial 
thickness) 



























70 0 


: *Excludes four early deaths unrelated to duodenal wound management. 
There were no late deaths, intra-abdominal abscesses, or duodenal fistulas in 
these patients. 















RESULTS 


Duodenal injury occurred in 23 patients (28%), pancreatic 
injury in 47 patients (58%), and combined pancreaticoduo- 
denal injury in 11 patients (14%). Forty-eight patients sus- 
_ tained penetrating injuries, including 32 gunshot and 16 stab 
wounds, Blunt injuries occurred in 33 patients. These injuries 
. resulted from automobile accidents in 26 cases and from mo- 
< torcycle accidents in four cases. Three patients were injured 
ina fall, a boating accident, and a farm-related mishap. The 
Injury Severity Score was 24+18 (SD) for survivors and 
56+ 16 for those who died. 

Of the 81 patients studied, 16 (20%) died; 14 (88%) of these 
_ 16 died of hemorrhagic shock. Head injury and respiratory 
-failure caused the other two deaths. All deaths occurred 
within 24 hours of admission, and these patients were exclud- 
-ed from further analysis. Associated injuries are listed in 
“Table 1. 

Exploratory laparotomy was performed on all patients 
with abdominal gunshot wounds. Fascial penetration was the 
-pri reason for exploration in the 16 patients with stab 
wounds. Thirty-three patients underwent surgery following 
blunt. abdominal trauma. Of these, 25 underwent surgery 
because of positive diagnostic peritoneal lavage, defined as 
-~ erythrocyte counts greater than 100 000/mm‘ or leukocyte 
_ counts greater than 500/mm’. The remaining eight patients 
_ had abdominal tenderness or other findings suggestive of 
-intra-abdominal injury. A 48-hour delay in diagnosis occurred 

< in.one patient from the latter group who subsequently devel- 
oped a pancreatic abscess. : 
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Twenty-one (54%) of 39 patients with pancreatic injuries, 
but no cuodenal involvement, had grade I or II injuries 
without evidence of ductal injury and were treated by suction 
drainage-alone. Four (19%) of the 21 subsequently developed 
intra-abcominal abscesses, and five (24%) developed pancre- 
atic fistulas. We defined a pancreatic fistula as an effluent 
from the drain site with an amylase level higher than serum 
and a volame greater than 100 mL that persisted for at least a 
week. Tkree of the 21 patients had both an abscess and a 
fistula. Eighteen (46%) of the 39 patients had grade III or IV 
pancreat'c injuries with ductal disruption that were treated 
by distal pancreatectomy; seven (39%) of the 18 patients 
developed intra-abdominal abscesses, and one (6%) devel- 
oped a pancreatic fistula. All fistulas closed without opera- 
tion. Intra-abdominal abscess did not correlate with the se- 
verity of pancreatic injury or with the operative technique 
employec, but did correlate with associated hollow viscus 
injury. E:ght (44%) of 18 patients with pancreatic injuries and 
hollow viscus injuries developed intra-abdominal abscesses, 
comparec with three (14%) of 21 patients without hollow 
viscus in-uries (P<.05). Hollow viscus injuries occurred in 
patients with intra-abdominal abscesses in the stomach (four 
patients), the colon (two patients), and the small bowel (two 
patients). Additional complications in the distal pancreatecto- 
my grour-included one wound infection, one case of pancreati- 
tis, and one case of exocrine insufficiency after an 85% distal 
pancreatectomy. 

Ninete2n patients had duodenal injuries without pancreatic 
involvement (Table 2). Three patients with duodenal hemato- 
mas (grace I) were treated, without complication, with naso- 
gastric decompression alone. The protocol for treatment of 
duodenal injuries was not followed strictly. Eight (42%) of the 
patients Fad grade II injuries. Five were treated by two-layer 
closure aone, and three had additional triple-tube decom- 
pression. Eight patients had grade III injuries; three were 
treated by primary closure alone, and five had adjunctive use 
of triple-tube decompression. The duodenal defects of these 
patients are grouped by severity in Table 2. The only compli- 
cation in patients with duodenal injury was a wound infection 
in one pat.ent. Pyloric exclusion or duodenal diverticulization 
was not used for duodenal injuries in the absence of pancreatic 
injury. There were no late deaths, intra-abdominal abscesses, 
or duoderal fistulas in these patients. 

There were four early deaths among the 11 patients with 
continued pancreaticoduodenal injuries. The remaining sev- 
en patien:s required repair of these wounds. Two patients 
with blun: grade I injuries were treated according to protocol? 
for their individual injuries. One patient with a grade I pan- 
creatic injury developed pancreatitis. Four patients with 
gunshot wounds had full-thickness duodenal injuries and pan- 
creatic injury without ductal involvement (grade II). Two of 
the four Fad primary repair of the duodenum without tube 
decompression; one developed an intra-abdominal abscess, 
the other developed pancreatitis, and both survived. The 
other two patients with grade II injuries had primary repair 
and decompression without complication. Pancreatic injuries 
were maraged with suction drainage. One patient with a 
grade IIT injury had a defect. closed that affected 30% of the 
duodenal circumference. Pylorie exclusion was then per- 
formed. £ ductal injury was drained rather than resected 
owing to the patient’s hemodynamic instability. Multiple in- 
tra-abdorrinal abscesses developed and required operative 
drainage. There were no septic deaths in this group of pa- 
tients witk combined pancreaticoduodenal injuries. 


COMMENT 
The indications for using various operative techniques in 
the management of pancreatic, duodenal, or combined pan- 
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_ ereaticoduodenal wourds remain controversial. Stone and 
_: - Fabian’ suggested that duodenal tube decompression be used 
-as an adjunct to suture repair for all duodenal injuries, based 
_ ona decrease of duodenal suture line dehiscence from 12% to 
_ Jess than 1% after changing to a policy of routine tube decom- 
_ pression. Vaughan et al’ reported a 7% incidence of duodenal 
. fistula without tube decompression and concluded that the 
= majority of duodenal injuries could be closed without using 
_. ‘adjunctive measures. Flint et al’ found that duodenal fistulas 
-— didnot develop when suture repair alone was used for injuries 
affecting less than 20% of the duodenal circumference. How- 
ever, of 28 patients with wounds involving from 20% to 70% of 
the duodenal circumference who did not undergo decompres- 
sion, seven (80%) developed leaks, and seven died. Our data 
indicate that injuries affecting less than 20% of the duodenal 
circumference can be treated safely by two-layer closure 
withou: adjunctive take decompression and suggest that this 
approach is also safe for injuries affecting up to 40% of the 
duodenal circumference. Tube decompression should proba- 
<i -bly be reserved for injuries involving greater than 40% of the 
_ duoderal eircumferenze, closure under tension, and associ- 
ated pancreatic injury. 

Heitach et al’ reported a 19% mortality in patients with 
pancreatic ductal injuries treated by drainage alone. Subse- 
quently, a policy to use distal pancreatectomy for documented 

or suspected ductal injury was adopted at our institution.’ 
This approach eliminated pancreas-related mortality due to 
oe distal ductal injury. A subsequent, larger study’ showed a 3% 
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death rate among subjects with pancreatic ductal injuries, 
reaffirming the value of distal pancreatectomy for pancreatic 
ductal injuries. Results from this study demonstrate that 
distal resection remains effective in reducing late septic 
deaths, but morbidity remains high. Drainage alone resulted 
in four abscesses and five fistulas in this study. The incidente- 
of fistula formation was reduced to one in 18, after distal « 
pancreatectomy, but intra-abdominal abscesses developed in 
seven of these 18 patients. This suggests that, while distal 
pancreatic resection does not eliminate complications, it does 
make them more manageable. 

Our data also suggest that the pancreatic wound acts as a 
cofactor predisposing to the development of intra-abdominal 
abscess after hollow viscus injury. This is consistent with 
findings reported by Ivatury et al,” in whieh 58% of patients 
with pancreatic injury associated with colon injury experi- 
enced intra-abdominal abscess, compared with an 8% abscess ` 
rate in patients with colon injury but no pancreatic injury. 
Our data suggest that pancreatic injury also increases the risk 
of intra-abdominal abscess when the stomach and small bowel 
also are injured. 

Several authors have liberally applied the concept of pylo- 
ric exclusion or duodenal diverticulization to the management 
of duodertal or proximal pancreatic injuries." Graham et al,” 
for example, used pyloric exclusion in 74% of their cases. We 
believe that this approach has been overused in certain insti- 
tutions, and our data suggest that complex management 
schemes are often unnecessary. 
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Barotrauma Associated With High-Frequency 


J et Ventilation for Hypoxic Salvage 


Frederick W. Clevenger, MD; Jose A. Acosta, MD; Turner M. Osler, MD; Gerald B. Cemarest, MD; Donald E. Fry, MD 


os @ Most reports describe reduction in proximal airway pres- 
; < sures with high-frequency jet ventilation. This led us to speculate 
that high-frequency jet ventilation might reduce barotrauma by 
: providing alveolar ventilation at lower airway pressures. We de- 
scribe a group of patients in whom a high Incidence of baro- 
-trauma was observed after institution of high-frequency jet venti- 
lation despite reduction in measured airway pressures. Fifteen 
hypoxic patients who could not be treated with conventional 
ventilation and who had no roentgenographic evidence of baro- 
trauma were entered into the study. Airway pressures were mea- 
sured during conventional ventilation and at 2 and 24 hours after 
high-frequency jet ventilation. Despite significant reduction in 
peak inspiratory and mean airway pressures, pneumothorax de- 
- veloped in seven of the 15 patients, an average of 21 hours after 
initiation of high-frequency jet ventilation. Five patients had bilat- 
eral pneumothorax and three developed tension pneumothorax. 
<- Despite reductions in proximal airway pressures, barotrauma is 
-a significant potential complication of high-frequency jet ventila- 
tion in patients with noncompliant lungs. We currently place 
bilateral prophylactic thoracostomy tubes in patients with adult 
-respiratory distress syndrome prior to initiation of high-frequen- 
cy jet ventilation. 
(Arch Surg. 1990;125:1542-1545) 

















high mortality rate accompanies acute respiratory fail- 
ure (ARF) following trauma or sepsis. Despite aggres- 
_ © -sive attempts to improve outcome since adult respiratory 
_... distress syndrome was first described by Ashbaugh and col- 
_ leagues,’ mortality still exceeds 50%.’ Many of these deaths 
-are not directly related to pulmonary dysfunction, but rather 
vare inevitable consequences of multiple system organ fail- 
üre.” Conversely, all surgeons caring for the critically ill know 
_ the frustration of losing patients with refractory single sys- 
_ tem pulmonary failure. In patients with hypoxia, positive end 
expiratory pressure has become the mainstay of treatment’ 
_. but is frequently unsuccessful.*’ 
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One altzrnative to treatment with high levels of positive end 
expiratory pressure with standard mechanical ventilation is 
high-freq.iency jet ventilation (HF JV), Reported advantages 
include less circulatory embarrassment, reduced intracranial 
pressure n patients with head injury, reduced air leak from 
bronchop.eural fistulae, and improved gas exchange at lower 
airway pressures.*” It has been proposed that the reduced 
mean airway pressures achieved by HF JV translate into re- 
duced pulmonary barotrauma and subsequent progression of 
lung injury in patients with ARF." Close scrutiny of the 
literature fails to reveal clinical data to support this hypothe- 
sis. Indee, it has been our impression that patients with poor 
lung compliance may experience more barotrauma with 
HFJV then with “conventional” ventilation (CV). 

We herein describe a group of patients in which HFJV was 
used for Hypoxic salvage. The purpose of this study was to 
examine tae incidence of barotrauma in these patients relative 
to measur2ments in proximal airway pressure. 


PATIENTS AND METHODS 


Fifteen patients were switched from CV to HFJV for hypoxic 
salvage ove“ a 12-month period. Eleven of the patients were male and 
four were female. The average age was 32 years. Ten of the patients 
had posttreumatic ARF (mean Injury Severity Score, 34), three 
patients suffered postoperative respiratory failure after elective sur- 
gical procecures, and two patients developed pneumonia during im- 
munosuppression for renal allografts. Prior to initiation of HFJV, 
ventilatory support was provided by a time-cycled, volume-limited -` 
ventilator (Siemens Servo 900C, Siemens Corp, Union, NJ). Tidal — 
volumes of 12 to 15 mL/kg were administered at an intermittent 
mandatory ventilation rate sufficient to maintain normocarbia and a 
pH above 7.35. Inspired oxygen concentration (Fi0,) and constant 
positive airway pressure (CPAP) were both manipulated to maximize 
oxygen delivery (Do, = [cardiac output] x [arterial oxygen content) 
at the lowest possible Fio,. Patients were deemed candidates for 
HFJV wher further increases in CPAP did not produce an adequate 
Do, despite-an Fio, of 70% or when intrapulmonary shunt exceeded 
20% despitea CPAP of 15 em of water. 7 

High-frecuency jet ventilation was provided by a jet ventilator 
(Healthdyne Impulse, Marietta, Ga) attached in series with a support 
ventilator. The jet ventilator was attached to the jet insufflation and 
pressure-seasing ports of a jet endotracheal tube (Mallinckrodt Criti- 
cal Care, Glens Falls, NY). Geses passing through the jet insufflation 
port were humidified by the addition of 20- mL/h of sterile water at 
room temperature via a roller pump. Jet ventilation was maintained 
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. Table 1.— Airway Pressure Changes* 


Proximal Airway Pressure, cm H,O 












cv 
92+6.1 
27423 
W415 








2h After HFJV 
41+3.3ł 

15+2.2ł 

17415 


24h After HFJV 
3542.5} 
1222.1f 
10+0.8T 

























*CV indicates conventional ventilation; HFJV, high-frequency jet ventilation; 
PIP, peakinspiratory pressure; PAW, mean airway pressure; and CPAP, constant 
positive airway pressure. The number of patients in each group was 15. Values 


are mearss + SEMs, 
tP<.05 vseCV within group. 


Table 2.—Changes in Hypoxic Criteria* 


24 h After HFJVt 


Bec wig 5121.2 80+2.3 
F 813+9.0 
30+2.2 
0.61 + 0.030 




















Os/Gt, % §0+2.1 
Fio, 0.84 + 0.026 






*CV irdicetes conventional ventilation; HFJV, high-frequency jet ventilation; 
Po,, partial pressure of oxygen in arterial blood; Do,, oxygen delivery; 
Qs/Qt, intrapulmonary shunt: and Fio, fraction of inspired oxygen. The number 
of patients imeach group was 15. Values are means + SEMs. 

TP<.08 ve CV within groun, 


at a frequency of 70 to 130 beats per minute, I-time of 30% to 50%, and 
drive pressures of 35 to.5C psi. The support ‘ventilator was attached to 
the standard ventilator connection on the jet ventilator endotracheal 
tube and provided a continuous source of heated, humidified air of the 
desired Fic, for entrainment. Jet ventilations were superimposed on 
_anintermitzent mandatory ventilation of 1 to 2 beats per minute from 
“the suppor: ventilator. This practice of “sigh” breath application has 


> been practiced by most physicians in an attempt to provide the high 


opening pressures required to achieve volume recruitment in atelec- 
tatic alveolar beds.* 

Arterial and pulmonary artery catheters were routinely used. 
Arteria: and mixed venous blood gas levels were analyzed using 
standard laboratory equipment and corrected for patient’s body tem- 
perature. The thermodilution technique was used to determine cardi- 
ac output using the mear of three measurements within 10% of each 
other. Standard proximal airway pressures were measured during 
conventional ventilation. During HFJV, airway pressures were mea- 
sured through the pressure-sensing port of the jet endotracheal tube, 
which datermines pressure at the most distal aspect of the endotra- 
cheal tude. 

Means and SEs were calculated for pre- and post-HFJV ventila- 


ne tory vatiables. Differenees were tested for statistical significance 


using a paired, two-tailed £ test with P<.05 considered significant. 
The relationship between compliance and barotrauma was tested 
using Fisher's two-tailed exact test. 


RESULTS 


None of the 15 patients had roentgenographic evidence of 
barotrauma (pneumothorax, intrapleural air, or pneumome- 
diastinam) prior to itiation of HFJV. The average Po, prior 
toinitiaticn of HF JV was 51 + 4.5 mm Hg with an average Do, 
equal to €79+32°mL/min. The average Fio, prior to HFJV 
was 0.84 + 0.1. Significant decreases in peak inspiratory pres- 
sure, mean airway pressure, and required CPAP were ob- 
served at.2 and 24 hours after initiating HFJV (Table 1). 
_ Statistically significant improvements in Po,, Do,, and intra- 
pulmonary shunt were brought about by jet ventilation (Ta- 
ble 2). Nevertheless, pneumothorax developed in seven of the 
_ -15 patients an average of 21 hours after initiation of HFJV 

(Fig 1) Three patients developed tension pneumothorax re- 
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Fig 1.—Anterior chest roentgenograph of patient after weaning from 
high frequency jet ventilation. Note multiple bilateral pneumnatoceles 
and the presence of three thoracostomy tubes at left. 


quiring emergency decompression, and five developed bilat- 
eral pneumothoraces. An average of four chest tubes per 
patient (range, two to 17) were required. The survival rate 
was 47% (seven of 15). One patient died as a direct conse- 
quence of tension pneumothorax. Two patients died of refrac- 
tory respiratory failure, and of these, one developed hemor- 
rhagic tracheitis (Fig 2). The remaining five deaths were in 
patients with multiple organ failure. Of the seven survivors, 
two have severe restrictive pulmonary function deficits by 
pulmonary function testing associated with persistent pneu- 
matoceles (Fig 3). 

Of all the pre-HFJV respiratory variables examined (Fio, 


CPAP, dynamic and static compliance, and minute ventila- a 


tion), static compliance was the only reliable predictor of 
barotrauma. Mean static complicance for the entire group 
prior to HFJV was 14.1 mL/cm of water. The eight patients 


who experienced no barotrauma after initiation of HFJV had ` : 


amean compliance of 17.5 mL/cm of water compared with 10.2 
mL/cm of water for those patients who suffered barotrauma. 
Only one patient with static compliance greater than 15 
mL/cm of water suffered barotrauma (pneumothorax), while 
all patients with static compliance less than 15 mL/em of 
water evidenced barotrauma after initiation of HFJV. The 
resulting relationship was statistically significant by Fisher's 
two-tailed exact test (P<.001). There was a near-equal distri- 
bution of survivors in the group with barotrauma (four survi- 
vors) and the group without (three survivors). Although this 
suggests no relationship of barotrauma with mortality, the 
sample size is not sufficient to exclude the possibility ofa type 
II statistical error. 


COMMENT 


High-frequency jet ventilation is now widely employed in a 
number of clinical settings. It was initially developed as a 
technique of ventilation during operative instrumentation of 
the airway” and later became popularized for emergency 
airway management” and for bronchopleural fistula.” The 
first large clinical experience of HFJV in critically ill patients 
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Fig 2.— Autopsy specimen of larynx and proximal trachea of patient 
who died following 3 weeks of high-frequency jet ventilation. Note 
erosion of the dista! larynx and proximal trachea secondary to manda- 
tory high cuff pressures and maximum drive pressure (50 psi). 


was published in 1981 by Carlon et al.” The indication for 
HFJV in 10 of the 17 patients in their study was airway 
fistula. Only one patient survived of the eight patients requir- 
ing levels of CPAP over 5 em of water prior to initiation of 
HFJV. This underscores the difficulty associated with appli- 
cation of HFJV for purely hypoxic criteria in patients with 
ARF. 

When mechanically ventilated patients become hypoxic, 
application of positive airway pressure is indicated.” How- 
ever, CPAP is associated with significant side effects, includ- 
ing increased intrathoracic pressure, reduced cardiac out- 
put, increased intracranial pressure,” and barotrauma.” 
High-frequency jet ventilation is believed to reduce the risk of 
these complications by bringing about a decrease in proximal 
airway pressures. Although airway pressure reductions have 
been consistently measured, these theoretical advantages 
have been challenged. Hurst et al” compared HFJV and high- 
frequency percussive ventilation with mechanical ventilation 
in 54 acutely injured patients with ARF. Although reductions 
were reported in airway pressures, cardiac output remained 
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Fig 3.—Camparison computed tomographic scans of the same patient 
6 (top) and 10 (bottom) months after high-frequency jet ventilation for 5 
weeks. Tie scans represent identical levels. Note that the lungs 
appear to De remodeling and undergoing reexpansion. 


unchanged after initiation of HFJV. Tabataba and Javadi” 
recently suggested HFJV as an alternative to CV during 
abdominal aortic operations because of decreased diaphrag- 
matic exzursions, but found no differences in hemodynamic 
variables between the two modes of ventilation. Clevenger et 
al” have shown that HF JV fails to selectively enhance hemo- 
dynamic performance over CV for equivalent levels of CPAP 
in dogs. Several studies have failed to demonstrate reduc- 
tions in intracranial pressure with HFJV; however, conflict- 
ing reports can be found.”” 

A frequently proposed advantage of reduced proximal air- 
way pressures brought about by HFJV is a hypothesized 
reductiog in barotrauma. ™™” In light of this proposed benefit, 
we were initially surprised by the increased incidence of 
barotrauma observed in the patients in our study. Several 
possible explanations exist for this unexpected finding. First, 
Simon et al” have demonstrated significant differences be- 
tween exdobronchial pressures measured at the tip of the 
endotracheal tube and those at the alveolar level. Sutton and 
Glass” have demonstrated significant differences in central 
and distal airway pressures in dogs and have further demon- 
strated that the proximal-to-distal pressure gradient rises 
after induction of lung injury with subsequent decrease in 
compliance. We measured proximal airway pressures and 
found that it is possible that pressures exerted on the distal 
airways and alveoli were much higher. Gallagher,” Hurst et 
al,” and Jonson et al” have independently suggested that 
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airway pressure must be measured well below the endotra- 
cheal tube in patients undergoing HFJV to avoid underesti- 
mation. We found early in our experience with severely hy- 
poxic patients receiving high levels of CPAP, that a TF cathe- 
ter placed through the endotracheal tube 10 cm distal to the 


“= <: injector, as suggested by these authors, was poorly tolerated. 
Furthermore, in light of the problems associated with extrap- 
. -olation of proximal endobronchial pressures into pressures at 


the alveolar level as described by Simon et al” and others,” 


measuring pressures 19 cm distal to the endotracheal tube is 
unlikely to predict pressures in the distal parenchyma. This 
problem in interpretation of pressures may explain how pres- 
sures can build up at the alveolar level (predisposing the 
patient to barotrauma) with a corresponding decrease in 
proximal airway pressure. This phenomenon might also ex- 
plain increased” or unaltered” flow through bronchopleural 


< fistulae after initiation of HFJV despite reductions in proxi- 


mal airway pressures. 

-Our patient population may provide a second explanation of 
the high incidence cf barotrauma in our series compared with 
other reports. Because this report is limited to HFJV solely 
for hypoxic salvage, a marked reduction in compliance was 
present prior to HF. JV. At the time of initiation of HFJV, our 
patients were profoundly hypoxie and depended on very high 
levels of CPAP. Our observation that barotrauma was almost 


certain to occur in patients with compliance less than 15 
mL/cm of water and unlikely to occur in patients with higher 
compliance suggests that the interaction of the stiff tlung with 
the jet ventilator is responsible for lung damage (a finding 
known to occur with positive pressure ventilation and in 
patients with lowered compliance). This speculation is sup- 
ported by the two prospective comparisons of HFJV with CV 
that have been performed.” In both studies, patients were 
assigned to the protocol prior to significant alterations in 
pulmonary function (ie, compliance was closer to normal), and 
no increase in barotrauma was observed. 

Since recent prospective studies have shown little or no 
benefit of HFJV over CV in patients with normal compliance, 
use of HFJV in patients with ARF will start to focus on 
hypoxic salvage. Our past experience with HFJV has led us to 
believe that this modality allows salvage of patients who 
would otherwise die. Our present results suggest this salvage 
occurs at the price of considerable barotrauma to stiff lungs. 
Hypoxic patients often develop diminished compliance; 
HF JV is not protective against barotrauma in this population 
and, in fact, may cause lung injury despite reductions in 
proximal airway pressures. Clinicians who turn to HFJV for 
hypoxic salvage must be wary of this frequent early 
complication. 
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- Amelioration of Cholinergie-Induced 



























+ Acute edematous pancreatitis follows excessive cholinergic 
stimulation in patients exposed to anticholinesterase-containing 
insecticides. We describe the role of cholecystokinin and the 
‘benefits of cholecystokinin receptor blockade in this form of 
pancreatitis. A cholinergic mimetic (carbachol) was adminis- 
tered to rats weighing 300 to 350 g and produced a form of 
edematous pancreatitis that mimics that seen in humans. Ani- 
mais received carbachol intraperitoneally, either alone 
(250 g/kg of body weight) or with cholecystokinin-receptor an- 
tagonist devazepide (3 mg/kg of body weight) and were killed 4 
hours tater. Carbachol administration resulted in a 19% increase 
In pancreatic weight, a fourfold increase in serum amylase levels, 
and a14-fold increase in serum lipase levels. Plasma cholecysto- 
kinin levels, however, were not altered. Devazepide administered 
prior to cholinergic hyperstimulation blocked pancreatic weight 
increase and reduced elevations in serum amylase levels twofold 
‘and lipase levels fourfold. Although cholecystokinin levels are 
hot elevated in this model of pancreatitis, blockade of even low, 
background concentrations of this regulatory peptide is 

‘beneficial. 

: ©- (Arch Surg. 1990;125:1546-1549) 


D espite nearly a century of extensive clinical and experi- 
: mental investigation, the cause of and early cellular 
events leading to the clinical manifestations of acute pancre- 
atitis remain enigmas. Because of relative inaccessibility of 
the pancreas to clinical investigation, several invasive and 
noninvasive models of experimental pancreatitis have been 
_ described.’ Of particular interest are models of acute edema- 
_ tous pancreatitis that follow the infusion of supramaximal 
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Pancreatitis With a Selective 
Cholecystokinin Receptor Antagonist 


- Anton J. Bilehik, MD; Karl A. Zucker, MD; Thomas E. Adrian, PhD, MRC(Path); lrvin M. Modlin, MD, PhD 


doses of various pancreatic secretagogues.” Cholinergic hy- 
perstimulation results in many pathologie changes in the 
pancreas that were originally described by Mouret* in 1895. 
Cerulein, a cholecystokinin (CCK) analogue of amphibian 
origin, has also been shown to induce a form of acute pancre- 
atitis when administered in supramaximal doses.° 

Recen: experimental studies have suggested that endoge- 
nous levels of circulating CCK may play an important contrib- 
utory or permissive role in non-secretagogue-dependent 
models cf acute pancreatitis and is currently the subject. of 
active investigation.’ The role of endogenous CCK in promot- 
ing the pathologic effects associated with cholinergic hyper- 
stimulation, however, is unknown. We attempted to deter- 
mine the-role of low, background levels of circulating CCK on 
the deve-opment of cholinergic-induced pancreatitis and the 
possible benefit of CCK receptor blockade. 


MATERIALS AND METHODS 


Materia:s included the potent and specific CCK receptor antago- 
nist, devazepide (formerly known as MK-329 and L-364,718), di- 
methyl suEoxide, aprotinin, olive oil, deoxycholic acid, carbachol, and 
porcine a-amylase. Amylase was measured using the Phadebas re- 
agent (Pharmacia, Piscataway, NJ). 

Male Wstar rats (National Cancer Institute, Bethesda, Md) 4 to 
6 months cid, weighing 300 to 350 g, were used (n = 12 in each group). 
All animaks were fasted 18 to 24 hours before each experiment, but 
were allowed water. Acute edematous pancreatitis was induced by an 
intraperitcneal injection of carbachol (250 pg/kg of body weight or 
25 pg/kg œ body weight). Devazepide was administered intraperito- 
neally (3 ma/kg of body weight) 20 minutes prior to the administration 
of carbachel.® The vehicle for the CCK receptor antagonist; dimethyl 
sulfoxide, was administered intraperitoneally (0.2 mL) to the control 
group. Animals were killed 4 hours after secretagogue injection by 
rapid decagitation. Truncal blood was obtained from each.animal and 
the whole pancreas rapidly removed and weighed. Samples of pancre- 
atic tissue arom the duodenal, gastric, and splenic lobes of the panere- 
as were removed and fixed overnight in 10% formaldehyde solution 
(buffered ta pH 7.0 with 0.1-mol/L phosphate buffer) for light micros- 
copy. Tisswes were embedded in paraffin, sectioned at 5.0m, and 
stained with hematoxylin-eosin. Slides were coded and subsequently 
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examined by a pathologist experienced in pancreatic pathology who 
was blinded to the administered drugs. Portions of pancreatic tissue 1 
to 2mm in diameter were taken from different areas and fixed with 
eold 2.5% acidic glutaraldehyde in 0.1-mol/L sodium cacodylate, post- 


fixed in 1% osmium tetroxide, and embedded in epoxy resin (Epon) 
or for transmission electron microscopy. 


Blood samples were centrifuged at 1000 g for 10 minutes and 


ee plasma was decanted fer subsequent enzyme assay. Amylase activity 


‘was determined by starch dye hydrolysis as described by Cseka et al’ 
‘using Phadebas reagent. Lipase activity was assessed by its effect on 
oil turbidimetry as described by Vogel and Zieve.” Blood was collect- 


ed in tubes containing echylenediaminetetraacetic acid (6 mg/mL) 


and aprotinin (400 KiU/mL) and frozen at —80°C for subsequent 
radioimmunoassay. Samples were pooled in groups of four because of 
the volume required fer extraction of CCK, 

Plasma CCK concentrations were measured on octadecy!-silica 
cartridges (Sep-Pak, Millipore, Inc, Waters, Mass) by elution with 
50% acetonitrile in water and 0.05% trichloroacetic acid. Following 
elution, saraples were dried in a vacuum centrifuge to a volume of 100 
to 200 pE and diluted in assay buffer for radioimmunoassay and gel 
permeation chromatogrephy. Our previous experience has shown 
greater than 90% recovery of CCK-8 and CCK-33 added to rat plasma 
using this technique.” 

Cholecystokinin concentrations were measured using an 
assay previously described.”” The antiserum was raised to 
CCK-33 and recognized all molecular forms of CCK greater than the 
decapeptide. The tracer used was CCK-33 labeled with Bolton and 
Hunter reagent and purified by high-resolution, reverse-phase, high- 
pressure liquid chromatography.’ There was no cross-reactivity 
with the gastrins or any other known hormonal peptides.” The 
assay measures plasma CCK concentrations in both rats and humans 
and can detect changes o? 1 pmol/L with a 95% confidence interval," 

Results are expressed as means + SEM. A two-tailed Student's t 
test for unpaired values was used for analysis of amylase and lipase 
levels and wet pancreatic weights. 


RESULTS 


Animals that received carbachol (250 pg/kg of body weight) 
: -alone manifested moderate forms of acute pancreatitis with 
urfold increases (from 1925 + 225 to 7850+ 500 pmol/L) in 
serum amylase levels, 14-fold increases (from 0.8+0.5 to 
1L0+1L8 IU; P< 005) i in lipase levels, and 19% increases in 
wet pancreatic weight (from 311+ 14 to 373 + 12 mg/100 g of 
body weight; P<.01) (Figs 1 and 2). In addition to these 
pathologic effects #n the pancreas, animals developed profuse 
lacrimation and diarrhea. Administration of higher doses of 
carbachol (>250 mg/kg) resulted in severe pulmonary edema 
and death. Pretreatment with devazepide completely blocked 
increases in pancreatic weight (from 311+14 to 306415 
mg/100 g of body weight) and reduced elevations of serum 
amylase levels from 7350 + 500 to 4750 + 380 pmol/L (P<.005) 
; o and serum lipase levels from 11.0+1.8 to 3.2+1.9 IU 
 (P<.02), 
Animals administered carbachol in doses of 25 ug/kg of 
body weight manifested a milder form of edematous panere- 






— atitis and experienced ninefold elevations of lipase levels 


~~ (from 9.2+2.1 to 0.8+0.5 IU, P<.05) and 18% increases in 
- pancreatic weight (from 366 + 11 to 311+14 mg/100 g of body 
weight) (P<.05). Pretreatment with devazepide ameliorated 
the inflammatory response and reduced pancreatic weight 
(315 +9 mg/100 g of body weight) (P<0.05) and serum lipase 
levels (2.2 + 1.5 IU/L) (P<.05). 
Plasma CCK levels were not significantly elevated in ani- 
mals administered e:ther the higher dose (from 1.5+0.2 to 
2.30.2 pmol/L) or the lower dose (2.4 + 0.7 pmol/L) of carba- 
hol (Table). Treatment with devazepide did not alter plasma 
_ CCK levels (Table). 
_ Light microscogy revealed that animals administered the 
higher doses of carbachol had marked interstitial edema and 
vacuolization of acinar cells compared with contro! animals 
(Fig 3. Transmissicn electron microscopy demonstrated a 
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Fig 1.—Supramaximal stimulation of the pancreas with carbachol 
(250 pg/kg of body weight delivered subcutaneously) resulted in a mild 
form of edematous pancreatitis with an increase in wet pancreatic 
weight from 311 + 14 to 373 + 12 mg/100 g of body weight (P<.01). 
Pretreatment with devazepide (3 mg/kg of body weight) administered 
intraperitoneally 20 minutes prior to administration of carbachol 
blocked any increase in pancreatic weight (306 + 15 mg/100 g of body 
weight). 
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Control 


Carbachol Devazepide, 


Alone 3 mg/kg 
Fig 2.—Supramaximal stimulation of the pancreas with carbachol 
(250 «g/kg body weight) resulted in a fourfold increase in serum 
amylase levels and an 11-fold increase in serum lipase levels. Pre- 
treatment with devazepide (3 ma/kg of body weight) given intraperito- 
neally 20 minutes prior to administration of carbachol partially blocked 
this response. 


variety of changes, including multivesiculated intracellular 
bodies and tubule-shaped structures extensively replacing 
Golgi regions. Autophagic vacuoles containing flocculent,: 
electron-dense material coexisting with myelin figures and 
fragments of cell debris were also noted. Similarly, many 
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Plasma CCK Levels Following Cholinergic Hyperstimulation* 





Control 

Carbachol, 250 pg/kg 

Carbachol, 250 g/kg, and devazepide 
Carbachol, 25 pg/kg 

Carbachol, 25 pg/kg, and devazepide 


*Cholecystokinin (CCK) levels were measured by a sensitive radioimmuno- 
assay in animals with carbachol-induced pancreatitis. Administration of deva- 
zepide (3 mg/kg) did not alter CCK levels significantly. 


large vacuoles containing clumps of filamentous, electron- 
dense material were observed in these cells. Focally, cells 
with dilated cisternae of rough endoplasmic reticula contain- 
ing pools of electron-dense materials were surrounded by and 
mixed with zymogen granules. The apical lumen and small 
ductules contained filamentous and membranous debris. Indi- 
vidual zymogen granules had marked electron-density inho- 
mogeneity. Particularly noteworthy was a significant in- 
crease in lysosomes and lipid droplets in the carbachol- 
treated animals compared with the control animals. Animals 
administered devazepide prior to carbachol exhibited few of 
these changes. The only consistent ultrastructural changes 
noted in devazepide-treated animals were rare, autophagic 
vacuoles observed in a minority of acinar cells (Fig 4). 

, Light microscopy of samples from animals administered 
the lower doses of carbachol revealed features of pancreatitis 
similar to those of the animals administered higher doses. The 
abnormal expulsion of intact secretory granules into the duct- 
ules, however, was not evident. The toxic effects of pancreati- 
tis appeared less severe than those observed after high-dose 
carbachol stimulation. Pretreatment with devazepide ap- 
peared to block almost all of those microscopic parameters of 
pancreatitis associated with cholinergic hyperstimulation. 


COMMENT 


Supramaximal stimulation of the exocrine pancreas results 
in an edematous form of acute pancreatitis. A paradoxical 
decrease in digestive enzyme secretion appears to accompany 
these pathologic changes.’ A similar form of acute edematous 
pancreatitis has also been observed in humans following ex- 
cessive neural (cholinergic) hyperstimulation after exposure 
to anticholinesterase-containing insecticides and possibly to 
venom from certain species of scorpions. ° This phenomenon 
has only occurred with secretagogues that use calcium ions as 
intracellular second messengers of stimulus-secretion cou- 
pling.“ The mechanism(s) responsible for these pathologie 
effects, however, remains unknown. The development of 
such noninvasive models of experimental pancreatitis has 
enabled further investigation of the early cellular events 
implicated in the development of pancreatitis. Such work has 
provided evidence that CCK may contribute to the develop- 
ment and progression of various forms of pancreatitis that are 
not believed to be mediated primarily via CCK receptors. 
Niederau et al” have reported that, in experimental forms of 
hemorrhagic pancreatitis not caused or mediated by CCK 
hyperstimulation, CCK receptor blockade was beneficial. 
This protective effect was noted when CCK receptor antago- 
nists proglumide and benzotript were administered to young 
female mice with induced acute hemorrhagic pancreatitis on 
choline-deficient, ethionine-supplemented diets. This effect 
was apparent despite normal levels of circulating CCK mea- 
sured by bioassay. Unfortunately, the CCK antagonists used 
in this study were of low potency and relatively nonspecific. 

In previous studies,“ we demonstrated that the more po- 
tent devazepide was effective in preventing the development 
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Fig 3.—Transmission electron micrograph of pancreatic tissue 4 
hours after administration of the secretagogue, carbachol (250 pg/kg 
of body weight). Acini show apical accumulation of inhomogeneous 
zymogen cranules (ZG) with dilatation of luminal spaces (L). Some 
intact zymcgen granules were found in the ductules. Vacuolization (V) 
is evident throughout the pancreatic acinar cells (original magnifica- 
tion x 2006). 





Fig 4.—Transmission electron micrograph of pancreatic tissue 4 
hours after ntraperitoneal administration of devazepide (3 mg/kg of 
body weigh’) followed by a supramaximal dosage of carbachol (250 
pg/kg of bocy weight) 20 minutes later (original magnification x 1200). 
No histologc evidence of acute pancreatitis, as seen in Fig 3, is 
present. 


of acute ecematous pancreatitis following administration of a 
supramaximal dose of cerulein. In more recent studies, CCK 
(25 pmol/kz per hour) potentiated the severity of pancreatitis 
induced by bile salts or trauma.” Continuous blockade with 
devazepide improved biochemical, morphological, and sur- 
vival indexes." 

The exact mechanism associating CCK with this form of 
pancreatit:s is still unknown. Steer and Meldolesi* have re- 
ported thet in both the cerulein-hyperstimulation and the 
choline-deficient, ethionine-supplemented diet models of pan- 
creatitis asnormal colocalization of secretory granules and 
lysosomes nay have important roles.” Their work suggests 
that a nox:ous stimulus (eg, massive hormonal stimulation) 
disrupts the intracellular transport of zymogen granules and 
lysosomes and may alter their membrane components. These 
abnormalities are believed to enable fusion of these intracellu- 
lar compartments, allowing lysosomal hydrolases to prema- 
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turely activate digestive enzymes. These enzymes may cause 
autolysis of the acinar cell and imitiate the cascade of 
pancreatitis. 
Our results demonstrate that CCK receptor blockade with 
devazepide had a protective effect in a model of experimental 
-=> pancreatitis that was not directly mediated via activation of 
CCK receptors. Devazepide prevented the development of 
pancreatic edema fcllowing cholinergic hyperstimulation and 
partially blocked the subsequent increase of amylase and 
lipase levels. Amylase is not solely confined to the pancreatic 
acinar cell; therefore, it is possible that cholinergic hyper- 
stimulation may result in some increase in nonpancreatic 
sources of amylase. However, this should not affect pancreat- 
ic lipase levels. A parallel increase was noted in levels of both 
enzymes, suggesting that increased amylase levels were also 
of pancreatic origin. Devazepide does not appear to bind to 
pancreatic cholinergic receptors. Previous in vitro studies 
with dispersed acizi have disclosed no alteration of carbachol- 
induced enzyme release.’ We also found that carbachol-in- 
-. duced pancreatitis did not elevate peripheral circulating lev- 
els of CCK. Because this assay is capable of detecting 
1-pmol/L alterations in plasma CCK levels and is more sensi- 
tive than previously employed assays, the possibility of any 
significant change in circulating levels is unlikely. It is possi- 
ble, however, that local concentrations of CCK may be per- 
turbed during this process of acute pancreatitis. Unfortu- 
nately, previous studies have not addressed this issue. 
Current interpretacion of locally mediated mechanisms of 
pancreatic secretion suggest that both CCK and cholinergic 
secretagogues are:dependent on one another to fully stimu- 
late exocrine secretion. It is possible that the partially protec- 
tive effect of CCK receptor blockade in this model of pancre- 
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Analysis of the Transition to Percutaneous 
Placement of Greenfield Filters 


- ' -Robert J. Hye, MD; Alfred T. Mitchell, MD; Christopher E. Dory, MD; Julie A. Freischlag, MD; Anne C. Roberts, MD 





e Toestablish whether a transition from surgical to percutane- 
ous placement of Greenfield filters was justified, a review of the 
_: Safety, efficacy, and cost-effectiveness of the two approaches 
was conducted. Between 1984 and 1989, 168 filters were placed 
_ In. 169 patients, 48 surgically and 120 percutaneously. Placement 
was successful in 45 (94%) of the 48 surgical patients and 120 

99%) of the 121 percutaneous patients. Filter misplacement 
occurred in three (6%) surgical patients and no percutaneous 
- patients. Clinically evident femoral vein thrombosis occurred in 
_ only four (5%) of the percutaneous patients, while inferior vena 
cava thrombosis occurred in three (3%) of the percutaneous 
atients. One pulmonary embolus occurred after percutaneous 
ilter placement and resulted in death. The cost of percutaneous 
_ placement was 58% that of surgical placement. A retrospective 
review of the experience in our patient population indicates that 
Safety, cost, and ease of insertion make the percutaneous ap- 
_ proach the procedure of choice for Greenfield filter placement. 
(Arch Surg. 1990;125:1550-1553) 

















De the success of anticoagulation in preventing pul- 
4 monary embolism, there remains a group of patients who 
require vena caval interruption because of contraindications 
to anticoagulation, failure or complications of anticoagulation, 
or extreme risk of embolism. 

__ Since its introduction in 1973,’ the Greenfield vena cava 
__ filter has become widely accepted as the best currently avail- 
___ able device for interruption of the inferior vena cava (IVC). 
_ Multiple studies have documented the safety and efficacy of 
__ the filter in preventing pulmonary embolism.* 

___ Although the filters were originally placed surgically via 
internal jugular or femoral cutdown, when the technique of 
_ percutaneous placement was described in 1984° and 1985,’ a 
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number of centers embraced that technique. Several series 
have examined technical aspects and immediate and late com- 
plications of surgical’**” and percutaneous“’"*” filter place- 
ment and kave found favorable results for each method. How- 
ever, objective evaluation of femoral venous thrombosis 
following femoral percutaneous introduction has found the 
incidence to be as high as 30% to 40%.” Although of concern, 
the long-term clinical consequences of this finding are 
unknown. 

In our institution, Greenfield filter placement has rapidly 
increased in frequency since 1984. The reasons for this 
marked rise in the number of filters placed include the 
widespread acceptance of the device, expansion of our trauma 
service, and an increased number of patients referred to our 
pulmonary group for pulmonary thromboendarterectomy. 
When percutaneous placement became technically feasible 
and appeared to be safe, there was a rapid transition from 
surgical placement to percutaneous placement. This study 
was performed to critically analyze that transition and to 
determine whether the change in approach has been justified. 
A cost comparison of the two techniques was also performed. 


PATIENTS AND METHODS 


The charts of all patients who had undergone placement of Green- 
field vena ceva filters at the University of California, San Diego, 
Medical Center between January 1984 and December 1989 were 
retrospectively reviewed. The records were specifically analyzed to 
determine the indications for filter placement, evidence of preexist- 
ing lower-extremity venous disease, and associated predisposing 
medical conditions. The majority of filters were placed prophylacti- 
cally prior to pulmonary thromboendarterectomy. With regard to the 
procedures themselves, issues addressed included the requirement 
of the use of alternate insertion sites; filter misplacement. or migra- 
tion; hemorrhagic, thrombotic, or other early complications: and 
mortality and late complications. Late follow-up was obtained by 
clinic records or by telephone contact with patients or their physi- 
cians if they had not been seen within 6 months. In addition, the 
current cost of filter placement by both surgical and percutaneous 
approaches was determined. 

Surgical l placement of filters was performed as described by Green- 
field et al.” Inferior venacavography was performed in all patients to 
evaluate cava: size and the presence or absence of thrombus and to 
determine the location of the renal veins. 
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No. of Filters Placed 





1987 1988 1989 


1935 1986 


Year 
| | Surgical EZ Percutaneous 


Summary of the number of Greenfield filters placed by year and the 
technique used from 1984 to 1989, 





Percutaneous filter placement requires a 24F, Coons-Amplatz 
sheath (Medi-tech, Watertown, Mass) to be backloaded over a 7F, 
8-mm, 4-em, angioplasty balloon catheter. When filter placement is 
planned, the puncture:into the femoral vein is done with a “one-wall” 
needle to avoid inadvertent puncture of the femoral artery. The 
diagnostic catheter usec to perform the venacavography is ex- 
changed over a wire fer the balloon catheter. The balloon catheter is 
placed into the proximal femoral vein, with most of the balloon being 
situated within the subcutaneous tissues. The balloon is then inflated 
to dilate the subcutaneous tissues and the entrance into the femoral 
vein. The balloon is deflated, and the sheath is then advanced into the 
femoral/proximal external iliac vein. The balloon, wire, and introduc- 
er portion of the sheath are removed, leaving the sheath in place. 

The Greenfield introducer device is then placed into the sheath. 
The wire of the filter introducer is advanced to the appropriate level 
for filter placement, and the filter is advanced over the wire. When 
the filter-introducing zapsule exits the sheath, the sheath is removed 
and the femoral vein is gently compressed while the filter is advanced 
‘to its appropriate infrarenal or suprarenal location. The filter is 
discharged, the introducer device is removed, and the femoral vein is 
gently compressed for 10'to 15 minutes. Steri-strips are placed across 
the small groin incision, a bandage is placed over the wound, and 
-patients are returned to their rooms with instructions not to move 
their legs for 6 hours. Patients are observed closely by the nursing 
staff for the first severa. hours following the procedure; if bleeding 
occurs, another 10 to 15 minutes of gentle compression is instituted. 

The right internal jugular vein has been the preferred site for 
surgical placement, and the right femoral vein has been the preferred 
site for percutaneous placement. If the right femoral vein was not 
available due to previcus thrombosis, the left femoral vein was used. 
If neither femoral vein was available, the right internal jugular vein 
was used to place the filter either percutaneously or surgically. The 
position of the filter was confirmed by abdominal plain x-ray films 
taken after the procedure. 















RESULTS 


One hundred sixty-nine patients underwent placement of 
168 Greenfield filtars at the UCSD Medical Center between 
January 1984 and December 1989. As shown in the Figure, 
there was a transition during this period from purely surgical 
placement to a predominantly percutaneous approach. 

Table 1 containstthe demographics of the patient population 
receiving Greenfield filters, while the indications for filter 
placement are included in Table 2. Our institution is unique in 
that there is a collaborative effort between pulmonary medi- 
cine and cardiotheracic surgery in pioneering the treatment 
of pulmonary hypertension due to chronic thromboembolic 

<- disease by pulmcnary thromboendarterectomy. These pa- 
~ tients routinely have vena cava filters placed prior to surgery 
_ for their pulmonary hypertension. Patients with contraindi- 
cations to anticoagulation were considered to be those with 
contraindications prior to initiating anticoagulant therapy 
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Table 1.— Patient Population 











No. of Patients 
Surgical Percutaneous 
(N=48) (N=121) 
Age range (mean), y 19-78 (49) 15-88 (61) 




















28 
20 


87 
34 














Preexisting disease 
Trauma 6 28 











Malignancy 5 7 
Neurologic 0 7 
Pulmonary hypertension 31 68 





Other 


Table 2.— Indications for Caval : 


| Interruption 
No. of Patients 
gamhain 


Surgical Percutaneous 
{N=48}) (N=121) 


Pre-PTE* 
Contraindication to anticoagulant therapy 15 








Failure of anticoagulant therapy 2 


Prophylactic 0 7 


*PTE indicates pulmonary thromboendarterectomy. 










Table 3.—Approach Sites and Success Rates 
for Filter Placement 


Surgical* Percutaneous* 








45 
Femoral 8/9 115417 a 
Right atrium 3A raa 
Alternate sites 3 


*Numbers to the left of the virgules indicate the number of successful fiter -= 
placements; numbers to the right, the number of attempts with each technique: 
at each site. Alternate sites refers to instances in which more than one site 
was used to accomplish filter placement. 

tOne patient received bilateral iliac fiters. 


/48 
Right internal jugular vein 34/39 6/8 ; 
6 
6 


and those who developed complications of anticoagulation. 
Failure of anticoagulation was defined as pulmonary embo- 
lism or propagation of deep venous thrombosis despite thera- 
peutic anticoagulation. Filter placement was considered tobe. 
prophylactic when the indication was purely high risk for 
thromboembolism without documented deep venous throm- 
bosis or pulmonary embolus. 
Heparin was administered either subcutaneously or intra- 
venously at the time of filter placement in 74 (61%) of 121 


patients and warfarin sodium (Coumadin) was administered... 


in eight (7%) of 121 patients; in 39 (82%) of 121 patients, no 
anticoagulants were administered. 

Table 3 summarizes the approaches and success rates for 
both the surgical and percutaneous groups. Forty-five of 48... 
patients had filters placed successfully by a surgical ap- . 
proach. The right internal jugular vein was the preferred 
introduction site and was successful in 34 of 39 attempts, 


while a femoral approach was successful in eight of nine o 


attempts. Three of six attempts at placement via the right 
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Successful placements 120/121 : i 


: Table 4.—immediate Complications of Filter Placement 


sg SNO: of Patents nn of Patients 


Percutaneous 
(n= 120) 


Gockel eSa 


Complication (n=45) 


Misplacement 
Hematoma/bleeding 
Femoral vein thrombosis 











IVC thrombosis* 








< *{VC indicates inferior vena cava. 


Table 5.—Late Follow-up After Greenfield Filter Placement 


No. of Patients 











Percutaneous* Segia 


IVC thrombosist 


increased leg edema 
Filter migration 





















*Seventy-eight (74%) of 105 patients had late follow-up. The mean time to 
follow-up was 18 months. 
Thirty (68%) of 44 patients had late follow-up. The mean time to follow-up 
was. 25 months. 
2 $IVC indicates inferior vena cava. 


Table 6.—Cost Comparison (in Dollars) 
for Greenfield Filter Placement 





Sararen, Percutaneous 


i 
: Anesthesia standby fee 
Professional fee 1950 


O ee 














atrium at the time of pulmonary thromboendarterectomy 
were successful. Alternate sites of insertion were required in 
_ ‘six patients. Failed attempts were due to an inability to pass 
the carrier beyond the internal jugular-subclavian junction, 
. the caval atrial junction, or the iliac vein. 
In the percutaneous group, successful placement of a filter 
- was accomplished in 120 of 121 patients, with a single patient 
-- receiving bilateral iliac vein filters. Placement was accom- 
plished via the right internal jugular vein in six of eight 
patients and by femoral vein in 115 of 117 patients. Alternate 
sites of insertion were necessary in three instances. 
Immediate complications of filter placement for the two 
_ groups are included in Table 4. Three filters were misplaced in 
_ the surgical group: two in the right renal vein from a right 
atrial approach and a third at the caval-atrial junction from an 
_ internal jugular approach. One filter was tilted more than 15°, 
and one patient developed a neck hematoma that did not 
-require surgical drainage. One patient died within 30 days of 
- filter placement following a pulmonary thromboendarter- 
~ectomy. 
There were no filter misplacements in the group undergo- 
ing percutaneous placement, although two were tilted more 
than 15°. Seven patients developed postprocedural hemato- 
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mas or t.eeding, none of which required transfusion, surgical 
drainage, or repair. Three patients developed clinically evi- 
dent feraoral vein thromboses on the side of percutaneous 
introduccion. Of the three patients, one was receiving warfa- 
rin and ane subcutaneous heparin; the third patient had been 
receiving heparin, which was discontinued prior to filter 
placemeat and then readministered 6 hours later. 

Two patients developed an IVC thrombosis after percuta- 
neous placement. The condition of one of these patients was 
diagnosed by ultrasonography and treated with a second, 
surgicall? placed suprarenal filter and anticoagulants, with 
the patient ultimately dying of his traumatic injuries. The 
second patient suffered a fatal pulmonary embolus that at 
autopsy appeared to originate from thrombus propagated 
above the filter. Neither patient had caval thrombus at the 
time of fitter placement or evidence of femoral vein thrombo- 
sis after filter placement, Whether this represented caval 
thrombosis due to the filter or trapped emboli was impossible 
to determine. The second patient had been treated with anti- 
coagulants after filter placement. The percutaneous approach 
could not se implicated as causative in either case. 

Thirteen other patients in the percutaneous group died 
within 30 days of filter placement, six following pulmonary 
thromboendarterectomy and seven of complications of malig- 
nant neoplasm or trauma. Although 15 of 16 early deaths were 
in the greup undergoing percutaneous placement, only one 
patient died of thromboembolic causes. 

Late feilow-up was achieved by telephone for 64 of 105 
patients and from clinic records for 14 of 105 patients who had 
undergone percutaneous placement (Table 5). Forty-five 
(58%) of %8 patients were treated with warfarin on a long- 
term basis, while 33 (42%) of 78 patients were not treated with 
anticoaguiants. One patient who received long-term warfarin 
therapy reported increased leg edema and discomfort in the 
limb in which the femoral vein had been punctured. One late 
instance cf IVC thrombosis in a patient receiving warfarin 
therapy was identified by computed tomographic scan but no 
filter migrations were known to have occurred. Late deaths 
oceurred in 11 patients, none of which was attributable to 
thromboembolic disease. 

Late fodow-up was achieved by telephone for 30 of 44 
patients heving surgically placed filters (Table 5). There were 
three late deaths, none of thromboembolic disease. One pa- 
tient developed IVC thrombosis after discontinuing warfarin 
treatment.and suffered a pulmonary embolus. A suprarenal 
filter was placed and the patient was treated with anticoagu- 
lants with resolution. 

The cost of the two different approaches in our institution 
was also amalyzed, and the data are summarized in Table 6. 
The cost ofsurgical placement is considerably higher because 
of a larger professional fee and the addition of operating room 
expenses. 


COMMENT 


The efficacy and safety of the Greenfield filter has been well 
documented.”* However, there remain some questions re- 
garding the safety of the percutaneous placement of the 
Greenfield “ilter. The major concern is femoral vein thrombo- 
sis followinz the percutaneous filter placement. When objec- 
tive measures of femoral vein thrombosis are used, ie, duplex 
ultrasonography or venography,the incidence of femoral vein 
thrombosisas found to be as high as 30% to 40%. However, it is 
notable tha: even in those studies that have objectively identi- 
fied femora vein thrombosis, the clinical manifestations of 
this thrombosis are only evident in 12% of patients.’° Long- 
term follow-up was obtained in 74% of the patients undergo- 
ing percutaneous filter placement to evaluate the clinical 
sequelae of asing the femoral vein. Only three patients were 
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noted to develop immediate clinical evidence of femoral vein 
thrombosis. In late follow-up, only one patient reported new 
or worsening leg edema. Thus, four patients (5%) undergoing 
percutaneous filter placement via the femoral vein had clinical 
findings suggestive of femoral vein thrombosis. Although the 
true incidence of femoral vein thrombosis may be considera- 
bly higher, the fact that the patients were not symptomatic 
with this relatively short period of follow-up indicates that in 
terms of patients’ life-styles and comfort this may be a clinical- 
ly insignificant problem. It is important to note that a signifi- 
cant number of patients in this study were receiving 
long-term anticoagulant therapy following pulmonary throm- 
boendarterectomy, and the incidence of femoral vein throm- 
bosis may be considerably less than at other institutions 
where the primary indication for IVC filter placement is a 
contraindication tc anticoagulant therapy. 

The incidence of caval thrombosis in the percutaneous and 
surgical patients who were followed up was three (3%) of 93 
patients and one (3%) of 30 patients, respectively, which is 
comparable with that reported in surgical series. * The single 
death due to recurrent pulmonary embolus (1%) is also within 
the incidence found in surgical reports.” 

Other issues thet were examined included the possibility of 
increased hemorrhagic or infectious complications. Small 
postprocedural hematomas or bleeding occurred in 5% of the 
patients in the percutaneous group, none of whom required 
therapy and all of whom underwent gentle compression to 
control the problem. This is comparable with some surgical 
series reporting a 5% to 14% incidence of local hematomas”? 
although slightly higher than other reports of a 2% incidence 
of hematomas with percutaneous placement. The small num- 
ber of hematomas or bleeding complications following percu- 

taneous placement was particularly gratifying in light of the 
fact that a large number of patients receiving filters prior to 
pulmonary endarterectomy had been receiving ongoing anti- 
coagulant therapy; heparin was withheld overnight and re- 
administered follewing the procedure. There were no infec- 
tious complications in the percutaneous group. 
Filter misplacement and tilting was an insignificant prob- 
lem in the percutanecus group; there were no misplacements 
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and two filters (2%) were tilted more than 15°. In the surgical = 
group there were three misplacements and one tilted filter- 

(9%). This is similar to reports in the literature of surgical 
misplacement or tilting of 1.5% to 14%.**" Both renal vein 
misplacements occurred during attempted filter placement 
from the right atrium. Although fluoroscopy was used in 
these cases, the lack of surgeon familiarity with the technique 
of filter placement was likely to have contributed to the 
misplacements. There were no filter migrations in either 
group, presumably because cavography was performed in all 
patients and cava size was assessed prior to filter placement. 

There were no eases of femoral arterial venous fistulas 
following percutaneous placement, which may be because a 
“one-wall” needle technique was used. This theoretically al- 
lows the operator to recognize the entrance of the needle into 
the femoral artery prior to catheterization. a 

Although there were 15 deaths within 30 days of filter = 
placement in the percutaneous group (12%), only one death 
was directly related to the filter, that of the patient who 
developed a fatal pulmonary embolus originating from throm- 
bus propagating above the filter. 

Although the right femoral vein was the preferred access 
for percutaneous placement, minimal problems were encoun- > 
tered using the left femoral vein when the right vein was not. 
available. The percutaneous approach via the right jugular 
vein has been avoided since it tends to be more uncomfortable ` 
for the patient as well as awkward for the operator. The © 
jugular approach also has the potential risk of jugular vein 
thrombosis,” pneumothorax," air embolus,” and possible lac- 
eration of intrathoracic great veins (oral communication, J. 
Lyons, MD, November 1989). oy eke 

Placement of the IVC filter in the radiology suite allows for 
venacavography to be performed and the filter to be placed 
during the same procedure. The excellent imaging capabili- 
ties available in radiology further aid in filter placement. 

Although a prospective controlled trial comparing surgical 
with percutaneous Greenfield filter placement is desirable, 
we believe that these results demonstrating the safety, effica- 
cy, and significant cost saving of percutaneous placement: ` 
support it as the approach of choice. 
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: ‘David B. Adams, MD; Tracy S. Harvey, MD; Marion C. Anderson, MD 


_@ Operative drainage is the cornerstone of therapy for pancre- 
ic abscess. Recently it has been suggested that successful 
percutaneous catheter drainage of Infected pancreatic and peri- 
pancreatic fluid collections may serve as definitive therapy. We 
indertook therapeutic, computed tomography-directed percu- 
ineous drainage in a selected group of 29 patients with infected 
jancreatic and peripancreatic fluid collections. Twenty-three pa- 
ents (79%) were successfully treated with percutaneous drain- 
age. Of six patients (21%) representing failures of percutaneous 
drainage, four died and two recovered after operative drainage. 
The four patients who died had a mean APACHE (acute physiolo- 
gy and chronic health evaluation) il score of 23 and five of Ran- 
-80n’s prognostic signs. Ranson’s signs and APACHE Il scores 
_ Were predictive of success and mortality. We conclude that in 
Selected patients, infected pancreatic and peripancreatic fluid 
collections can be treated definitively with therapeutic percuta- 
neous catheter drainage. Based on this experience, recommen- 
dations regarding patient selection are included. 
(Arch Surg. 1990;125:1554-1557) 


Ox the past decade, successful percutaneous catheter 
/ drainage (PCD) of infected pancreatic and peripancreatic 
fluid collections has been reported," and recently it has been 
‘Suggested that PCD of pancreatic abscess may serve as defin- 
itive therapy when walled-off, liquefied collections of pus are 
present.’ Infected pseudocysts and selected pancreatic ab- 
scesses have been identified as infectious complications of 
pancreatic inflammatory disease that are suitable for radio- 
logie drainage. Infected pancreatic necrosis is cited as an 
absolute indication for open operative drainage. A selected 
group of patients with infected pancreatic and peripancreatic 
fluid collections treated with PCD form the basis of this 
-Accepted for publication August 24, 1990. 
_ > From the Department of Surgery, Veterans Administration Medical Center 
- ‘and the Medical University of South Carolina, Charleston. 
_ = Read before the 14th Annual Surgical Symposium of the Association of 
_ Veterans Affairs Surgeons, Charleston, SC, May 7, 1990. 
: Reprint requests to Department of Surgery, Medical University of South 
`- Carolina, 171 Ashley Ave, Charleston, SC 29425 (Dr Adams). 
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report, which includes guidelines for patient selection. Our 
findings indicate that many patients with infected pancreatic 
and peripancreatic fluid collections can be successfully 
treated wich PCD. Conversely, patients with infected pan- 
creatic necrosis, including multisystem organ failure 
(MSOF), d:d not benefit from this technique. 


PATIENTS AND METHODS 


Twenty-nine patients with infected pancreatic and peripancreatie 
fluid collections were treated with PCD over a 6-year period (1982 to 
1988). This group represented 1.8% of patients with a discharge 
diagnosis of pancreatitis at the three Medical University Hospitals 
(Medical University of South Carolina Hospital, Charleston; Veter- 
ans Adminis:ration Medical Center, Charleston; and Charleston Me- 
morial Hosp:tal). Pancreatic and peripancreatic fluid collections iden- 
tified on computed tomographic (CT) scan measured at least 4 min 
diameter. Dynamic pancreatography was employed during the last 
2 years of tae study period. Percutaneous catheter drainage was 
performed ir the radiology department under local anesthesia with 
CT, ultrasound, or fluoroscopic guidance. Needle and guidewire 
localization preceded placement of a 7-12F pigtail drainage catheter 
in the collection (Figure). All patients had a history of pancreatitis, 
elevated amylase levels, and bacterial or fungal organisms identified 
by Gram’s stain and culture in the drainage fluid. Catheter drainage 
fluid was colected in a closed drainage system. Collections were 
observed weekly by CT scan or fluoroscopy. Persistent or new collec- 
tions were treated with repeated PCD when needed. Causes of 
pancreatitis, organisms yielded by cultures, days of catheter drain- 
age, morbidi-y, mortality, number of Ranson’s prognostic signs, and: 
APACHE (aeute physiology and chronic health evaluation) II sever- 
ity of disease score at the time of PCD were reviewed and analyzed 
retrospectively. All patients received parenteral antimicrobials. Suc- 
cess was defined as “complete resolution of the infected collection 
without operative intervention.” Morbidity and mortality were eval- 
uated during the 30-day postdrainage period until eradication of the 
infected colleztion or during the period of hospitalization, whichever 
was longer. Ranson’s prognostic signs and APACHE II score indexes 
were compared with success and mortality variables by means of the 
Kruskal-WalEs test for nonparametric data. P<.01 was considered 
significant. The data were analyzed using. MacIntosh: Statworks 
(Cricket Soft-vare, Philadelphia, Pa). 
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Left, Contrasi-enhanced computed tomographic scan in patient with Bacteroides fragilis abscess. Air is present in abscess 
cavity in body/ail region of pancreas. Patient had one of Ranson's prognostic signs and APACHE (acute physiology and 


chronic healtn evaluation) I! score of 18. Right, Computed 


tomographic scan following percutaneous catheter drainage. 


Patient required 56 days of catheter drainage and remains wall at follow-up 1 year later. 


RESULTS 


Twenty-four men and five women with a mean age of 46 
years (range, 27 to 72 years) were treated with PCD. Seven- 
teen patients had alcohol-induced pancreatitis, three had bili- 
ary pancreatitis, one had hyperlipidemia, and one had azathi- 
oprine sodium-associated pancreatitis. Seven patients had 
undergone operations prior to developing infected pancreatic 
and peripancreatic collections; two of these developed pancre- 
atic abscesses after vascular operations (superior mesenteric 
artery reconstruction, splenic/renal artery bypass), two after 
splenectomy for trauma, one after cholecystectomy and com- 
mon bile duct exploration for biliary pancreatitis, one after 
laparotomy and placement of lavage drainage tubes for hem- 
orrhagic pancreatitis, and one after pancreaticoduodenec- 
tomy for ductal adencearcinoma. 

The mean length of catheter drainage was 41 days (range, 2 
to 210 days), excluding one patient who had a prolonged 
drainage of 600 days. Seven patients had more than one 
catheter used in drainage. Cultures of 20 patients yielded 
single organisms anc nine had multiple organisms as listed 
below: 


Organism No. of Patients 
Staphylococeus aureus 
Pseudomonas aeruginosa 
Candida albicans 
Proteus mirabilis 
Escherichia colt 
Serratia marcescens 
S epidermidis 
Acinetobacter 
Enterococcus 
Bacteriodes fragilis 
Klebsiella pnewnoniae 
Proteus vulgaris 
Streptococcus paeumoniae 
Clostridium difficile 

Twenty-three patients (79%) were successfully treated 
with PCD. Of six patients (21%) representing failure with 

PCD, four died and two recovered after operative drainage. 

Four (67%) of the six patients in whom treatment failed 

developed infected collections after operative trauma. Twen- 
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ty (91%) of 22 patients with acute pancreatitis unrelated to 
operative trauma were successfully treated with PCD. Pa- 
tients who underwent successful drainage had a mean of two 
of Ranson’s prognostic signs and a mean APACHE II score of 
10. The mean number of Ranson’s prognostic signs in patients 
who died was five and the mean APACHE II score was 23. 

Three of the four deaths occurred in patients who had 
previously undergone pancreatic operations, one patient de- 
veloped an infected collection following a panereaticoduoden- 
ectomy for ductal adenocarcinoma of the pancreas. He had 
MSOF that included renal and pulmonary failure, massive 
upper gastrointestinal hemorrhage, and a recent myocardial 
infarction. He died 48 hours following PDC, which was em- 
ployed as a final salvage attempt. 

A second patient had undergone laparotomy to place peri- 
toneal lavage tubes for a hemorrhagic pancreatitis, He devel- 
oped respiratory failure, a disseminated coagulopathy, and 
septic shock, and died less than 48 hours following PCD, 
which was employed because a second operation was consid- 
ered to represent a prohibitive risk. In retrospect, this pa- 
tient probably had recurrent fluid collection in association 
with infected pancreatic necrosis, which would not have re- 
sponded to any treatment effort short of open débridement. 

The third death occurred in a patient with chronic panere- 
atitis who underwent PCD for an infected pancreatic pseudo- 
cyst, resulting in clinical improvement and resolution of an 
acute recurrent attack of pancreatitis. Following 3 weeks of 
hyperalimentation, he underwent distal pancreatectomy, 
splenectomy, and lateral pancreatojejunostomy. The postop- 
erative course was complicated by pulmonary sepsis, system- 
ic candidiasis, and MSOF that resulted in death 3 weeks after 
operation. Although the response to PCD appeared to be 
satisfactory, the patient died during the same hospitalization, 
presumably from unrelated pulmonary failure and sepsis. 

The final death occurred in a patient with an infected pan- 
creatic pseudocyst that was treated with PCD because of a 
recent myocardial infarction. At the time of drainage, he had 
only three of Ranson’s signs and death was attributed to 
cardiac failure secondary to myocardial infarction. Thus, in 
three of four deaths, PCD was employed in an effort to benefit 
a critically ill patient. Whether operative intervention could 
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Table 1.—Ranson’s Signs and APACHE* Il Scores in Patients 
Successfully Treated With Percutaneous Catheter Drainage 
and Patients Who Died 








No. of 



























Ranson’s Signs APACHE Ii Scores 
0-2 3-4 5-6 7-8 0-10 11-15 16-20 >20 
No. of patients 15 10 3 1 13 6 5 5 
Success 15 7 1 0 13 5 3 2 








Mortality 
*APACHE indicates acute physiology and chronic health evaluation. 





___ have been successfully undertaken or would have offered the 
-~ -patient a better chance of survival is difficult to know. 
_ Two patients underwent unsuccessful attempts at PCD and 
survived after operative drainage; both developed infected 
_ pancreatic collections after upper abdominal operations. One 
patient with biliary pancreatitis had percutaneous drainage of 
7 aretrogastric collection 3 weeks after undergoing cholecys- 
_ teetomy and common bile duct exploration. The abscess was 
inadequately drained and the patient required open drainage 
with débridement and distal pancreatectomy 48 hours after 
_ PCD. The other patient who developed an infected fluid 
_ collection in the region of the tail of the pancreas after under- 
going abdominal aortic aneurysmorrhaphy with superior 
_ mesenteric artery reconstruction had a multiloculated collec- 
_ tion with superior extension into a retrogastric location that 
- was inaccessible to PCD. Both of these patients had resolu- 
_ tion of sepsis after operative external drainage. 
| Sixteen (64%) of the 25 survivors had complications. Elev- 
_ en patients developed pancreaticocutaneous fistulae, two de- 
veloped pancreaticocolonic and pancreaticocutaneous fistu- 
_ las, and one developed a pancreaticocolonic fistulas. All of 
these fistulas resolved spontaneously without operative in- 
_ tervention. Two additional patients developed upper gastro- 
intestinal hemorrhage due to gastritis, not requiring 
transfusion. 

Ranson’s signs and APACHE II indexes accurately pre- 
dicted success and mortality (Table 1), with Ranson’s signs 
‘showing a slightly lower P value (Table 2). All patients with 
less than three of Ranson’s prognostic signs or an APACHE 
‘IL score less than 11 were successfully treated with PCD. Two 
patients with APACHE II scores greater than 20 and one 
patient with five of Ranson’s prognostic signs also were suc- 
cessfully treated with PCD. 


COMMENT 


_ Improved surgical morbidity and mortality in the operative 
treatment of pancreatic abscess have been evident over the 
“past decade. Mortality rates ranging from 5% to 18% have 
recently been reported.” The practice of wide drainage for 
pancreatic abscess and early operative intervention in in- 
fected pancreatic necrosis are cited as causes of improved 
‘Morbidity and mortality. Dynamic pancreatography and nee- 
dle aspiration of pancreatic and peripancreatic collections are 
noted to be helpful in the early identification of infected 
__ pancreatic necrosis.” There is still some difficulty, however, 
In labeling infected pancreatic and peripancreatic fluid collec- 
__ tions as infected pancreatic pseudocyst, pancreatic abscess, 
__ or infected pancreatic necrosis. We have undertaken PCD of 
_ noninfected pancreatic and peripancreatic fluid collections 
_ © and have previously reported a 93% success rate in eradicat- 
_ ing pancreatic pseudocysts with PCD.” In the present study, 
_ infected collections were identified based on PCD drainage 
culture and Gram’s stain. We have categorized these patients 
-according to Ranson’s prognostic signs and APACHE II 
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Teble 2.—Kruskal-Wallis K and P Values Comparing 
Rarson’s Signs and APACHE* I Score as Predictors of 
Success and Patient Mortality 






Ranson’s Signs 





APACHE Hl Scores 





— 


K P K P 


10.420 001 9.779 002 
7.412 006 7.077 008 


*APACHE indicates acute physiology and chronic health evaluation, 
















score retrospectively. Although these physiologic indexes 
may over-lassify patients into poor prognostic groups, both 
have proven useful in predicting outcomes in pancreatic and 
abdominal sepsis." We successfully treated patients who 
had as many as five Ranson’s signs and APACHE II scores as 
high as 2_. The majority of patients who were successfully 
treated with PCD did not have severe pancreatitis, nor did 
they have pancreatitis related to operative trauma. Rather 
the presentation was one of mild to moderate pancreatitis, 
based on Ranson’s signs and APACHE II scores. 

Percutaneous catheter drainage of infected pancreatic and 
peripancreatic fluid collections reported by radiologists over 
the past Gecade record morbidity rates from 4% to 17% and 
mortality cates from 0% to 8%."*° Variability in patient selec- 
tion and the method of reporting morbidities and mortalities 
may account for differences in outcome reported in the surgi- 
cal and the radiologic literature. Gerzof et al” have identified 
factors thet are indicators of failure in percutaneous drainage 
of intra-abdominal abscess. These included MSOF, the pres- 
ence of foreign body, hematoma, or necrotic tissue. Malan- 
goni and associates” defined the “simple” intra-abdominal 
abscess —a unilocular cavity without evidence of enteric con- 
nection, adjacent tumor, or tissue necrosis—as best suited to 
PCD. Our 2xperience with infected pancreatic collections is in 
accord with these conclusions. It is possible that mortality in 
one of our patients with MSOF may have been prevented by 
early surgical débridement of infected pancreatic necrosis. 
Picklemanand Moncada‘ postulated that PCD of a pancreatic 
abscess mey be specifically indicated in critically ill patients as 
a temporizing measure, in postoperative patients with recur- 
rent abscesses, and in patients with portal hypertension. Our 
data do no: indicate that PCD is successful in postoperative 
patients w th recurrent abscesses or when employed in criti- 
cally ill patients as a temporizing measure. 

The patients with MSOF whom we treated may have had 
unrecognized infected pancreatic necrosis with both a liquid 
and a tissu2 component. These patients were treated prior to 
the routine use of dynamic pancreatography as an adjunct in 
the diagnosis of pancreatic necrosis; the high number of Ran- 
son's signs and high APACHE II scores also may indicate 
infected pa.creatic necrosis in these patients. The critically ill 
patient wizh a high number of Ranson’s signs and a high 
APACHE [I score probably requires open operative débride- 
ment and drainage. One patient who failed PCD and required 
open drainage and débridement with partial pancreatectomy 
should have been recognized as unsuitable for percutaneous 
drainage. 

Host-bacteria interaction is a factor responsible for the 
microbiologic nature of pancreatic abscess, and recently has 
been noted to involve predominantly gram-negative organ- 
isms.“ The kigh number of Staphylococcus and Candida infec- 
tions noted may be related to the number of postoperative 
patients treated and the use of broad-spectrum antibiotics 
during prolonged hospitalization in patients with severe pan- 
creatitis. Warshaw and Gongliang” have reported Staphylo- 
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coccus in 36% of microbiological cultures from 45 pancreatic 
abseesses. 
Our data suggest that in patients with infected pancreatic 
and peripancreatic fluid collections, PCD is most successful in 
the treatment of accessible, well-localized, single collections 
associated with a bw number of Ranson’s signs and low 

APACHE II scores. Also, in our experience PCD was not 
-successful in critically ll patients with MSOF or in patients 
with recurrent postoperative abscesses. The multiple small, 
infected fluid collections and necrotic pancreatic and peripan- 
creatie tissue assceiated with pancreatic necrosis’ require 
open operative débridement and drainage. 





Based on this experience, we recommend that the following 
criteria be used for selecting patients for primary PCD: 
G) unilocular collection, (2) absence of MSOF, (3) no evidence. 
of pancreatic necrosis, (4) APACHE II score less than 16 and 
less than four of Ranson’s signs. Patients who are treated 
with PCD as primary therapy and fail to show prompt clinical 
improvement should be considered for prompt operative 
drainage. 


We acknowledge the help of Christopher Hannegan, MS, Department of 
Biometry, Medical University of South Carolina, Charleston, in the statistical 
analyses. 
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‘| studied patients with pancreatic infection have made an important 
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sumed to be due +o cardiac failure. The patient had only three of 
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_denectomy. Three of these patients died, and two developed MSOF 
| and might have been better treated by operative drainage. A fourth 
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selected for PCD: hewever, this patient survived after operative 
| débridement. and drainage of infected necrosis. A fifth patient re- 
quired operative drainage as the retrogastric multiloculated collec- 
tion was inaccessible to PCD. The mean number of Ranson’s signs in 
those who died was five and the mean APACHE II score was 23. 
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I believe the authors, based on the data presented, have correctly 
concluded the following: 

1. Ranson’s signs and APACHE II indexes accurately predicted 
success and mortality, with Ranson’s signs showing a slightly lower 
P value. 

2. Percutaneous catheter drainage is most successful in the treat- | 
ment of accessible, well-loculated, single collections associated with a 
low number of Ranson's signs (n= 4) and an APACHE II score of less -| 
than 16. 

3. Percutaneous catheter drainage is seldom successful in critical- | 
ly ill patients with MSOF or in patients with postoperative abscesses. 

4. Multiple, small, infected fluid collections and infected necrotic 
pancreatic and peripancreatic tissue require operative débridement 
and drainage. 

5. Patients treated with PCD as primary therapy who fail to show 
prompt improvement should, without delay, receive operative 
drainage. 

In summary, PCD is a useful procedure in a selected group 
of patients who represent a small percent of patients with 
pancreatic infections. All such patients should be treated on 
the surgical service so that, in the event that PCD. fails to 
result in improvement, movement to the operating room can 
be expedited. i 
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VEE McIntyre, MD; V. M. Bernhard, MD 


< >-< @ We evaluated the effects of alcohol ingestion on aortic lipid 
“concentrations in 15 pair-fed Sprague-Dawley rats divided into 
three groups of five animals each. Control rats were fed a liquid 
diet, with 36% of their energy provided by maltose-dextrin for 28 
days, and the remaining two groups of rats were fed an equiva- 
| lent proportion of their energy as alcohol for 28 days or 18 
months. Aicohol-fed rats exhaled significantly greater quantities 
of ethane than did controls at 28 days and 18 months. Serum 
cholesterol levels increased by 40% and triglyceride levels in- 
_ creased by 80%, but phospholipid levels remained unchanged in 
_ alcohol-fed rats compared with controls. Aortic concentrations 
of cholesterol and phospholipids increased twofold and three- 
_ fold, respectively, in alcohol-fed rats, with a corresponding alter- 
ation of the cholesterol-phospholipid ratio at both time intervals. 
Tissue triglyceride levels were only elevated at 28 days, and no 
_ differences in aortic lipid peroxide levels were detected between 
icohol-fed rats and controls. The results of the study indicate 
- that alcohol ingestion increases aortic cholesterol, phospholip- 
Id, and triglyceride levels at 28 days and cholesterol! and phos- 
. Pholipid but not triglyceride levels at 18 months. The mecha- 
_ nisms underlying the accumulation of lipids in aortic tissue need 
_ further elucidation. 
(Arch Surg. 1990;125:1558-1560) 




















AA leohol ingestion produces a variety of metabolic and 
-A pathologic changes in the tissues and organs of the 
_body. The accumulation of fat within hepatocytes is believed 
tobe a marker of alcohol-induced liver disease.' Although 
intimal fatty streaks are characteristic of the early athero- 
sclerotic lesion, the relationship between the accumulation of 
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Chronic Alcohol Ingestion Increases 
Aortic Lipid Levels in Rats 


“G. C. Hunter, MD; C. D. Eskelson, PhD; 0. E. Odeleye, MS; M. A. Dubick, PhD; J. J. Piotrowski, MD; 


lipid in the arterial wall and the ingestion of alcohol is not 
understood. 

A number of observations have linked the use of alcohol 
with changes in plasma lipid levels, which may predispose to 
atherosclerosis. After excessive alcohol intake, elevations in 
plasma triglyceride, cholesterol, and phospholipid levels re- 
sult in hyperlipemia.’ Furthermore, recent studies have dem- 
onstrated -hat male binge drinkers have greater elevations in 
low-density lipoprotein cholesterol and apoprotein B levels 
than indiv:duals who consume moderate amounts of alcohol 
regularly. A decrease in high-density lipoprotein cholesterol 
and apopretein A-I levels has been observed in patients with 
severe alcoholic liver disease, whereas moderate drinking 
correlates positively with high-density lipoprotein cholester- 
ol and apoprotein A-I concentrations.” 

Alcohol ase is often associated with other known risk fac- 
tors for atherosclerosis, such as smoking and hypertension." 
Recently, we demonstrated an increase in lipid peroxide lev- 
els in atherosclerotic vessels removed from patients with 
these risk factors.‘ 

Lipid peroxidation is one mechanism by which alcohol 
might facil-tate the uptake of lipids by tissues and organs and 
has been implicated in the accumulation of fat in the liver in 
experimen-al animals and humans.’ 

The assoziation of lipid peroxidation with the accumulation 
of fat in the liver of aleohol-fed rats and the presence of lipid 
peroxides :n atherosclerotic vessels led us to examine the 
effects of alcohol ingestion on aortic and hepatic lipids and 
lipid peroxiles in a rat model. 


MATERIALS AND METHODS 
Animal Care and Treatment 


Fifteen male Sprague-Dawley pair-fed rats weighing 70 to 120 g 
were randomly divided into three groups of five each. The animals 
were allowed:to adjust to a liquid diet during a period of 5 days, after 
which contrG animals received a liquid diet containing 4200 J/mL, 
with 36% of the energy provided by maltose-dextrin. The remaining 
10 animals were fed a Lieber DiCarli diet-containing 4200 J/mL. 
Alcohol was substituted isoenergetically for maltose-dextrin and 
provided 36% of the energy. In both diets, 35% of the energy intake 
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Table 1 _—Serum Lipid Levels in Control and 
Aicohol-Fed Rats* 


Control 
3.55 + 1.35 
82.9+9 
0.64 +0.24 








4.95+1.55T 
35.2+16 
1.1620.48T 


Cholesterol, mmol/L. 
Phospholipid, mmol/L 
Triglycerides, mmol/L 















*Data are mean + SD. 
+P<.08. 






Table 2.— Aortic Lipid and Lipid Peroxide Levels in Control 
and Alcohol-Fed Rats* 
















Alcohol Alcohol 































; Control (28 d) (18 mo) 
Nó 5 3 5 
Cholesterol, mmol/L 0.05+0.01 0.09+0.02t 0.08 +0.02t 

“Phospholipids, mmol- 09+02 28+1.2t 2.7+0.5t 





4.3+15¢ 28403 
0.4+0.1¢ 0.38+.0.1T 


“Triglycerides, mmol/L. 2.0+0.7 
Cholesterol-phospholipid ratio 0,7+0.2 


Lipid peroxides, 
fu/gx 10-* §.322.1 


*Data are mean + SD. fu indicates fluorescence units. 
tP<.08. 





5.11.5 5.0£1.7 










Table 3.— Hepatic Lipid and Lipid Peroxide Levels in Control 
and Alcohol-Fed Rats* 












Alcohol 
(28 d) 


Alcohol 


Control (18 mo) 








Cholesterol, mmol/l. 0.11+0.01 0.14+0.02t 0.13+0.01t 
|. Phospholipids, mmorL 8621.0 10.2405 9.4202 
~ Cholesterol-phosphoiipic ratio 0.2+0.0 0.2+0.0  0.180.01 


Lipid peroxides, fu/g: 
xio 



























65203 99+13  14.5+0.67ł 








*Data are mean + SD: fu indicates fluorescence units. 
tP<.05. 


was derived from fat nd 18% from protein. All of the control animals 
were killed at 28 days: Half of the alcohol-fed animals were killed at 28 
days and the remaimer at 18 months. Three hours before killing, 
ethane exhalation was collected noninvasively, with use of a previous- 
ly described method.’ Tke aorta in each animal was excised from the 
‘arch to the bifurcation, and all fat was carefully removed from the 
_ adventitial surface. The livers and the aortas were then gently rinsed 
< in a 0.9% sodium chisride solution to remove blood and were snap 
frozen at ~70°C until analysis. Representative aortic and liver sec- 
tions were preserved n 10% formaldehyde and stained with hematox- 
ylin-eosin for histologic examination. All specimens were evaluated 
by an experienced pathologist who was “blinded” to dietary 
management. 


Biochemica! Analysis: Tissue Homogenization 


Approximately 1 g of liver tissue and the entire aorta were sepa- 
rately homogenized in 20 and 5 mL, respectively, of a 2:1 (v:v) 
chloroform to methanol solution (Folch reagent).’ The homogenates 
were allowed to stand at 4°C for 16 to 18 hours in sealed tubes. After 
20 hours, the extracts were centrifuged for 15 minutes at 900g. 

| The tissue cholesterol content was determined on a dried aliquot of 

the Folch reagent extract (0.8 mL for hepatic and 0.3 mL for the 
‘aortic extract) with use of the method of Zak.” Triglycerides in the 
extract were assayed via a colerometric method described by Dole 
and Meinertz" as medified by Goldfinch and Prudhoe.” 
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Tissue phospholipid levels were determined by the method of 
Raheja et al” with dipalmitoyl phosphatidylcholine as a standard. 
This technique does not require the predigestion of the phospholipid 
for analysis. Lipid peroxide levels were determined flucrometrically 
on lipid extracts of aorta and liver, as described by Tappel. * Activa 
tion and emission wavelengths were 395 nm and 435 nm, respectively. 


Data Analysis 


The data are presented as the mean+ SD and were analyzed with 
use of Duncan's F test. 


RESULTS 


Ethanol-fed rats weighed significantly less than their pair- 
fed controls. At 28 days, control rats weighed 203 + 11 g vs 
176 + 12 g for alcohol-fed rats. At 18 months, alcohol-fed rats 
weighed 273+28 g compared with 480+70 g for controls 
(P<.05). 

Serum alcohol concentrations ranged from 0 to 95 mg/dL 
(median, 86 mg/dL) at the time the rats were killed. 

Serum cholesterol and triglyceride levels were significant- 
ly increased in the alcohol-fed group at 28 days (P<.05). No 
differences in serum phospholipid levels were noted between 
control and alcohol-fed rats (Table 1). 

Rats who ingested alcohol exhaled significantly greater 
amounts of ethane at both 28 days and 18 months compared 
with controls (P<.05). The aortas of alcchol-fed rats con- 
tained significantly greater concentrations of cholesterol, 
phospholipid, and triglycerides than did controls at 28 days 
and significantly greater cholesterol and phospholipid levels 
only at 18 months. The cholesterol-phospholipid ratio was 
significantly lower for rats fed alcohol at 28 days and 
18 months compared with control animals. No significant 
difference in aortic tissue lipid peroxide levels was detected 
between controls and alcohol-fed animals (Table 2). 

The livers of aleohol-fed rats contained significantly great- 
er (P<.05) amounts of cholesterol than did those of controls, 
but the phospholipid concentrations were not different in each 
of the groups. In addition, concentrations of lipid peroxida- 
tion products in the liver were significantly increased in alto- 
hol-fed rats compared with controls (Table 3). 

On histologic examination, the liver specimens from the 
alcohol-fed rats were characterized by fatty infiltration of the 
hepatocytes without evidence of inflammatory infiltrates or 
fibrosis. No microscopic evidence of lipid deposition in the 
aortas of the rats fed aleohol was found. 


COMMENT 


The effects of alcohol on the initiation and progression of `` a 


atherosclerosis continues to be debated. In 1904, Cabot” 
challenged the prevailing view that alcohol was a cause of 
atherosclerosis; he was able to identify atherosclerotic lesions 


in only 6% of alcoholic patients. In other studies of patients ` a 


who died of complications of aleoholic cirrhosis, some investi- 
gators have reported an increase in coronary artery disease, 
whereas others have found no correlation or even a negative 
correlation with cirrhosis.“ These conflicting results may 
perhaps be explained by the frequent association of alcohol 
with other risk factors for atherosclerosis, such as smoking 
and hypertension. 

In our study, rats fed alcohol exhibited significant increases 
in serum cholesterol and triglyceride levels, whereas phos- 


pholipid levels were unaltered. Aortic cholesterol, triglycer- © : 


ide, and phospholipid concentrations were increased in the 
alcohol-fed rats at 28 days, whereas only cholesterol and) _ 
phospholipid levels remained elevated at 18 months. Despite 


the increase in measured tissue lipid levels, however, we. 


found no evidence of lipid deposition in the aortic intima. This 
diserepancy is difficult to explain but is possibly related tothe 
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magnitude or duration of cholesterol level elevation. The 
alterations in the cholesterol-phospholipid ratio suggest that 
the increase in aortic lipid levels reflects changes in the struc- 
ture of the cell membranes. 

Triglyceride levels were increased in the serum and aorta 

at 28 days and remained elevated in the aorta at 18 months. 
Whether this increase in triglyceride levels is due to an in- 
crease in hepatic synthesis or impaired clearance is being 
- investigated. 
When the lipid changes observed in the aorta were com- 
< pared with those in the liver of aleohol-fed rats, three differ- 
_ ences were apparent. Fatty change in the liver was obvious on 
: both macroscopic and histologic examination, whereas such 
changes were not observed in the aortic walls. Hepatic choles- 
‘terol level, but not phospholipid level, was elevated, whereas 
both levels were elevated in the aorta. Finally, lipid peroxide 
_ levels were increased only in the liver and not in the aorta. 

The mechanisms underlying alcohol-induced fat accumula- 
tion in the liver have been extensively studied." These mecha- 
_ nisms include a reduction in fatty acid oxidation, increased 

lipogenesis, structural mitochondrial injury inhibiting the 
oxidation of two carbon fragments via the citric acid cycle, 
free radical-induced lipid peroxidation, and an increase in the 
activity of the enzymes, limiting the breakdown of phospho- 
lipids and triglycerides." 
_ Alcohol-fed rats demonstrated a significant increase in the 
_ amount of exhaled ethane, indicating an increase in the in vivo 
production of oxygen free radicals, supporting earlier reports 
hat focused on increased lipid peroxidation in rats fed alco- 
hol. The increase in lipid peroxidation is probably associat- 
ed with tissue damage during the metabolism of alcohol.?™ 
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Ethane 2xhalation does not indicate the tissues or organs 
responsible for the generation of the free radicals. However, 
during acohol metabolism, the liver is the prime organ for 
ethane production. As the presence of free radicals in serum 
and tissves are so transitory that they are difficult to mea- 
sure, corjugated dienes and lipid peroxides, the more stable 
productsf free radical-induced lipid peroxidation, are usual- 
ly assayed. 

While significant increases in lipid peroxide levels were 
noted in the liver in aleohol-fed animals at both time intervals, 
we were unable to identify any differences in lipid peroxide 
levels in zortie tissue. This was unexpected, as we had demon- 
strated an increase in lipid peroxide levels in atherosclerotic 
vessels r2moved from patients with multiple risk factors, 
including-alcohol abuse. However, alcohol ingestion was asso- 
ciated wich a decrease in the cholesterol-phospholipid ratio, a 
possible neasure of increased membrane fluidity of aortic 
tissue bu: not hepatic tissue. These findings suggest that the 
mechaniens of cholesterol accumulation may differ in the 
liver and «he aorta. The evidence of increased exhaled ethane, 
and lipid peroxides in the liver, suggests that free radical- 
induced lipid peroxidation may play a role in the accumulation 
of lipids in the liver. By contrast, in the aorta, a significant 
increase in phospholipid level, in addition to cholesterol level, 
and a decrease in the cholesterol-phospholipid ratio may sug- 
gest that alterations in membrane fluidity might contribute to 
lipid accumulation there. 

Further studies are needed and are presently under way to 
define more clearly the mechanisms underlying this accumu- 
lation of livid within the aorta. 
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‘Neuropeptide Y Inhibition of Vasoactive 
Intestinal Polypeptide-Stimulated Ion 
Transport in the Rabbit Distal Colon 


J. Scott Flint, MD; Garth H. Ballantyne, MD; James R. Goldenring, MD, PhD; L. Peter Fielding, MD; Irvin M. Modlin, MD, PhD 


o We have studied the effect of neuropeptide Y on basal and 
vasoactive intestinal polypeptide—stimulated changes in the 
short-circuit current of strips of colonic mucosa from New Zea- 
land white rabbits mounted in Ussing chambers. When adminis- 
tered to the basolateral surface, neuropeptide Y is found to 
decrease basal short-circuit current. Neuropeptide Y inhibits 
vasoactive intestinal peptide-stimulated increases in short-cir- 
cult current in a concentration-dependent fashion by a tetrodo- 
toxin-insensitive mechanism. Also, neuropeptide Y inhibited in- 


"greases in short-circuit current produced by direct stimulation of 


“adenylate cyclase with forskolin. Furthermore, neuropeptide Y 
prevents vasoactive intestinal peptide~stimulated Increases in 
tissue cyclic adenosine monophosphate levels. These results 
indicate that neuropeptide Y administered to the basolateral 
membrane inhibits vasoactive intestinal peptide-stimulated 
short-circuit current changes by a tetrodotoxin-insensitive 
mechanism that decreases tissue levels of cyclic adenosine 
3’,5'-monophosphate. 

(Arch Surg. 1990;125:1561-1563) 


europeptide Y (NPY) is a 36-amino acid polypeptide 
that shares structural homology with pancreatic poly- 
peptide and peptide YY.’ It acts as a neurotransmitter in both 
the central and peripheral nervous system. In particular, 
NPY is found in high concentrations in the enteric neurons of 
the myenteric and submucosal ganglia.” Many of these neu- 
rons directly innervate the epithelial cells of the intestinal 
| mucosa." Subpopulations of these neurons also contain other 
neurotransmitters such as norepinephrine or vasoactive in- 
testinal polypeptide (VIP).’ It has been postulated that NPY 
may play a role in modulating mucosal ion transport.’ Neuro- 
peptide Y inhibits carbachol, VIP, substance-P, and prosta- 
glandin E,-stimulated chloride secretion in rat jejunum.” 
Similarly, NPY increases chloride absorption in rabbit ile- 
um.” These actions of NPY may be mediated by inhibition of 
cyclic adenosine 2',5'-monophosphate (cAMP) accumula- 
tion.” Although NPY has important effects on colonic motil- 
ity,” the effects of NPY on ion transport by colonic epithelium 
are ill understood. 
Vasoactive intestinal polypeptide is a 28-amino acid neuro- 
transmitter found in the myenteric and submucosal ganglia.” 


Vasoactive intestinal polypeptide stimulates net chloride se- 
-cretion in the colon,” activates adenylate cyclase activity, and 


increases intracellular levels of cAMP.”™“ The effect of NPY 
on VIP-stimulated ion transport in the colon has not been 
studied. 

The colocalization of NPY and VIP in neurons that inner- 
vate intestinal epithelia has led us to hypothesize that NPY 
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down-regulates VIP-stimulated ion transport through direct ` : 


effects on the colonic enterocytes. The specific aim of this 
study was to investigate the effect of NPY on VIP-stimulated 
ion transport in rabbit colonic mucosa and also to identify the 
mechanism by which NPY affects ion transport. Our studies 
demonstrated that NPY is a potent antagonist to VIP-stimu- 
lated ion transport and that NPY acts directly on the colonic 
enterocyte by a tetrodotoxin-insensitive mechanism that in- 
hibits cAMP accumulation within these cells. 


MATERIALS AND METHODS 
Preparation of Colonic Mucosa 


New Zealand white rabbits weighing 3 to 4 kg were anesthetized 
with intravenous ketamine sulfate. Segments of descending colon 
were harvested. The muscular layer was stripped off the submucosal 
layer. The specimens were mounted in lucite chambers with a surface 
area of 1.13 cm’. Bathing media consisted of a Ringer's bicarbonate 
solution containing the following: sodium, 141 mmol/L; potassium, 
5 mmol/L; calcium, 1.2 mmol/L; magnesium, 1.2 mmol/L; chloride, ` 
122 mmol/L; bicarbonate, 25 mmol/L; potassium monobasic phos- 
phate, 1.6 mmol/L; potassium dibasic phosphate, 0.6 mmol/L; glu- 
cose, 10 mmol/L. The bathing solutions were circulated by gas lift 
using 95% oxygen and 5% carbon dioxide. This solution maintains a 
pH of 7.4.at 37°C. The chambers and gas lifts were coated with silicone 
(Sigmacote, Sigma, St Louis, Mo) to minimize peptide-binding to the 
apparatus. 

Salt-agar bridges connected the chambers to a pair of calomel 
electrodes for measuring the potential difference and a pair of silver- 
silver chloride electrodes for delivering current. During all recorded 
experiments, the spontaneous potential difference was countered 
with the use of an automatic voltage clamp (DVC 1000, World Preci- 


sion Instruments, New Haven, Conn). All studies were performed: . 4 


using pairs of mucosal strips obtained from the same animal; one strip 
as a control and the other as the experimental tissue. Tissue pairs 
were discarded if tissue conductance varied by more than 30%. 


cAMP Measurements 


The following three groups were studied: (1) basal (control), no test 
agent added; (2) VIP (0.03 mol/L); and (8) VIP (0.03 pmol/L) and 
NPY (0.03 pmol/L). Matched tissues from the same animal were used 


for all experimental groups. Tissue disks were sharply excised from `` 


the Ussing chambers 5 minutes after the addition of the test agents, 
immersed in liquid nitrogen for 30 seconds, and weighed. Cyclic 
adenosine monophosphate levels were determined using a protein- 
binding assay (Diagnostic Products Corp).” Results were expressed 
as picomoles of cAMP per gram wet weight of tissue. 


Experimental Design 


Two groups of experiments were performed. In the first group we 
tested the effect of NPY (0.008 pmol/L to 1.0 pmol/L) on basal and 
VIP (0.08 umol/L)-stimulated changes in short-circuit current (Ise). 
We used the half effective concentration of VIP (0.03 pmol/L) as 
determined by previous work (G.H.B., unpublished data, 1990). 

In the second group of experiments, we investigated the possible 


modes of action of NPY. First, the dependence of NPY (0.03 pmol/L) 
inhibition of basal Ise and VIP-stimulated increases of Isc on interme- > 
diary release of other neurotransmitters was tested by blocking al: 


neuronal conductance with tetrodotoxin (1 pmol/L). Second, the. - 
ability of NPY (0.03 pmol/L) to inhibit increases of Ise produced by 
direct activation of adenylate cyclase with forskolin (10 pmol/L) was: 
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_Fig 1.~Neuropeptide Y (NPY)—stimulated decrease in basal short- 
_ Circuit current (Isc). Studies were performed in matched pairs of strips 
of rabbit mucosa mounted in Ussing chambers (n=6 in each group). 
‘Neuropeptide Y in concentrations of 0.01, 0.3, and 1.0 pmol/L were 
. seen to significantly (P<.05 by analysis of variance) decrease basal 
< Isc. Shaded bars indicate basal Isc, and open bars, NPY alone. 
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_ Fig 2.—Neuropeptide Y (NPY) inhibition of vasoactive intestinal poly- 
peptide (VIP) stimulates an increase of short-circuit current (Isc). In 
concentrations of 0.03, 0.1, 0.3, and 1.0 pmol/L NPI significantly 
“(P <.05 by analysis of variance) decreases the VIP (0.03 pmol/L)—sti- 
-mulated increases of Isc. Shaded bars indicate VIP alone, and open 
bars, VIP.and NPY. 


tested. Third, the effect of NPY (0.03 pmol/L) on VIP (0.03 
pmol/L)~stimulated increases of cAMP was measured. Thus, these 
three sets of experiments established whether NPY in this system 
acted through release of intermediary neurotransmitters prior to 
activation of adenylate cyclase or directly by attenuation of intracel- 
lular levels of cAMP. 


Statistical Analysis 


. - For electrical studies, the changes in Isc following the addition of 

test agents was compared with the change in the control tissues using 

-Student's t test for paired samples. Changes between groups of test 

agents were compared by analysis of variance (ANOVA). All tests 

“were performed using a computer software package (Systat, Evans- 
ton, IID. 


Materials 


ee Synthetic porcine VIP and NPY were obtained from Peninsula 

— Laboratories, Belmont, Calif; forskolin from Calbiochem, La Jolla, 

__ Calif; and tetrodotoxin and cholera toxin from Sigma, St Louis, Mo. 
ae RESULTS 

NPY Inhibition of Basal Isc 


Neuropeptide Y stimulated a concentration-dependent de- 
Crease in Ise (Fig 1). The half effective concentration of NPY 
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Fig 3.— Time course of vasoactive intestinal polypeptide (VIP)~—stimu- 
lated (0.03 pmol/L} increase of short-circuit current (Isc) and NPY 
(0.03 umol) inhibition of VIP (0.03 .mol/_)—stimulated increase of 
Isc. In both groups the agents were added to the submucosal side after 
30 minutes-of a stable baseline. Circles indicate VIP, and triangles, 
VIP and NPY. 


Effects:of Tetrodotoxin (10 pmol/L) on Short-Circuit Current* 


Agent Alone 
1.5+1.0 


Agent and Tetrodotoxin 
~2.0411 
~8.0:+1.5 

82.0 +7.3 

NPY and VIP 32.0 +4.8 


*There were no significant differences (P>.05) between the changes of 
short-circuit current caused by the agents alone or in combination with 
tetrodotoxin. NPY indicates neuropeptide Y, and VIP, vasoactive intestinal 
polypeptide. 








~16.0£4.0 
77.5493 
24.5445 








was 0.1 pmol/L (P<.05), and the maximal effective concen- 
tration, 0.3 pmol/L (P<.01). 


NPY inhibition of VIP-Stimulated Isc 


Neuropeptide Y significantly (P<.01) decreased VIP-stim- 
ulated incveases of Isc in concentrations from 0.03 to 1.0 
pmol/L (Fg 2), The time course of NPY (0.03 pmol/L) inhibi- 
tion is shown in Fig 3. The half effective concentration of NPY 
for inhibition of VIP-stimulated changes in Ise was 0.03 
pmol/L. 


Tetrodotoxin 


The effets of tetrodotoxin (1 pmol/L) on basal levels of Isc 
and test agent~stimulated changes of Isc are listed in the 
Table. The last three groups were tested in paired groups of 
tissues. Tetrodotoxin produced no significant (P>.05) effect 
on basal Ise or changes of Ise stimulated by VIP alone (0.03 
pmol/L), NPY alone (0.03 pmol/L), or the combination of VIP 
(0.03 umo L) and NPY (0.03 umol/L). 


NPY Inhibition of Forskolin-Stimulated Increases of Isc 


Forskolin (10 pmol/L) significantly (P<.001) increased Ise 
by 88.2 + 8 7 pA/em’ compared with a basal change of 0.38 + 1.1 
pA/em’. Forskolin-stimulated increases of Isc were signifi- 
cantly (P<.001) diminished (24.5+6.7 pA/em’ vs 88.2+8.7 
pmol/L) inthe presence of NPY (0.03 pmol/L). 


cAMP Levels 


Effects cf NPY on intracellular levels of cAMP are shown in 
Fig 4. Studies were performed in groups of three paired 
tissues. Vasoactive intestinal polypeptide (0.03 pmol/L) sig- 
nificantly (P<.01) increased levels of cAMP above basal lev- 
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Fig 4.—Neuropeptide Y (NPY) inhibition (0.03 pmol/L) of vasoactive 
intestinal polypeptide (VIP} stimulates (0.03 mol/L) increase of tissue 
levels of cyclic adenosine 3',5’-monophosphate (cAMP). Studies 
were performed in grcups of three paired tissues (n= 8). Vasoactive 
intestinal polypeptide was seen to significantly (P<.01) increase tis- 
sue levels of CAMP above basal levels. Neuropeptide Y abolishes VIP- 
stimulated increase of cAMP. 


els. Neuropeptide Y (0.03 pmol/L) was seen to abolish VIP 
(0.03 »pmol/L)—-stimulated increases of cAMP. 


COMMENT 


Neuropeptide Y is found in high concentrations in the 
neurons of the colonic myenteric and submucosal plexuses.” In 
this study we have demonstrated that NPY decreases basal 
Ise of mucosal strips of rabbit colon in a concentration-depen- 
dent fashion. We have also demonstrated that NPY inhibits 
VIP-stimulated increases in Isc. These results suggest that 
NPY may play an important role in the regulation of ion 
transport in the colonic mucosa. 

We also attempted to delineate the cellular site of action of 
NPY. Neuropeptide Y when added to the mucosal reservoir 
: -was found to produce no detectable change in the Isc. After a 

. latent period, a typical response to NPY was generated from 
. the same tissue when NPY was added to the submucosal side. 
This is consistent with an NPY activation site on the basolat- 
eral membrane. 

Tetrodotoxin (1 pmol/L), an agent that blocks neuronal 
conduction, did notaiter the effects of NPY on either basal Isc 
or VIP-stimulated increases of Isc. These results indicate 
that, in this system, NPY does not act by either stimulation or 
inhibition of the release of other neurotransmitters. This is 
relevant since, in some systems, NPY has been reported to 
act by inhibition of the release of other neurotransmitters 
such as VIP." 

w Forskolin directly activates the catalytic subunit of adeny- 
zi late cyclase” and increases intracellular levels of cAMP." 
Forskolin (10 umal/L)-generated increases in Ise were re- 
duced by NPY (0.03 jumol/L) by 72%. This suggests that NPY 

-aets in this system at a site distal to membrane receptor 
coupling with adenylate cyclase. These results are in contrast 
to other systems in which actions of NPY have been reported 
as mediated by a pertussis toxin-sensitive inhibitory G pro- 
tein (G). ”” 

Basal Isc was inhibited by NPY at a half effective concen- 
tration (0.1 pmol/L) lower than were VIP-stimulated in- 
creases of Isc (half effective concentration, 0.03 pmol/L). This 
suggests that the actions of NPY on basal Ise and VIP- 
stimulated increases of Isc are mediated by different recep- 
tors or different affinity states of the same receptor. Further- 
more, NPY (0.03 pmol/L) alone did not alter basal tissue 

_ levels of cAMP. This suggests that NPY alters basal levels of 
Ise by a different mechanism from that mediating inhibition of 

+ VIP-stimulated increases of Isc. 

Neuropeptide Y was seen to abolish VIP-stimulated aug- 
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mentation of cAMP levels. This observation coupled with the 
ability of NPY to inhibit forskolin-stimulated increases of Ise. 

suggests that NPY acts to inhibit VIP-stimulated increases of 
Isc at a site distal to the generation of cAMP. It is possible. 
that NPY might function to increase the rate of cAMP 
degradation. 

Neuropeptide Y and VIP are colocalized in many of the 
same neurons of the myenteric and submucosal plexuses.” In 
this study, we have demonstrated that NPY down-regulates 
the action of VIP on ion transport in the rabbit colon. Thus, 
NPY and VIP may participate in a coordinated regulatory 
mechanism that modulates colonic ion transport. 
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© @ We have reviewed the results of 107 consecutive total ab- 
dominal colectomies performed at our institutions during the 
past 10 years. Indications for surgery were carcinoma of the 
colon (60), multiple polyps (nine), diverticular disease (31), and 
‘other conditions (seven). Seven (6.5%) were emergency opera- 
‘tions. All patients had anastomosis of the terminal ileum into the 
lower rectum or distal sigmoid colon no more than 25 cm above 
the anus. Thirty days after surgery, two patients (1.8%) had died 
of complications of anastomotic leaks. Both were poor candi- 
: dates for primary reanastomosis. Morbidity was low, occurring in 
“11 patients (10.3%). Follow-up evaluation of bowel function re- 
“vealed satisfactory results in 102 patients (95%). Five patients 
(5%) had experienced chronic debilitating diarrhea. Unfavorable 
results were more common with diverticular disease than with 
neoplasia. 
. {Arch Surg. 1990;125:1564-1566) 
: Te abdominal colectomy (TAC) with ileorectal anasto- 
L mosis has been used sparingly for many colonic diseases. 
The surgery is controversial because of perceived excessive 
mortality and increased incidence of disabling diarrhea. Dr 
Howard Lilienthal’ first wrote about the functional outcome 
of subtotal colectomy in 1900 when he described a young 
patient with colitis who initially “had numerous liquid stools 
daily, but the number gradually diminished to where she 
usually had two formed stools daily.” To delineate the role of 
TAC at.the close of the same century, we review our recent 
_ experience with this operation. 
PATIENTS AND METHODS 
One hundred seven consecutive patients who underwent TAC from 
-1978 to 1988 were studied retrospectively. The ratio of men to women 
was 2.5:1. The mean age was 61 years (range, 30 to 87 years). 
‘Total abdominal colectomy is defined herein as the extirpation of 
“the colon from the ileocecal valve to a variable location extending 
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- Mortality and Quality of Life After 
Total Abdominal Colectomy 


R: Matthew Walsh, MD; Gerard V. Aranha, MD, FRCSC; Robert J, Freeark, MD 


from the level of the distal rectum to the proximal portion of the iliac 
colon.’ The term iliac colon designates that portion of colon beginning 
above the rectum (S-2) that becomes the sigmoid colon at the sacral 
promontory. The iliac colon has no mesentery and is 6 to 8 em long. 
Consequently, all anastomoses were within 25 cm of the anal verge. 
Specimens from all patients were pathologically examined, at which 
time measurements of the terminal ileum to be resected were 
recorded. 

The indications for TAC are summarized in Table 1. Elective 
procedures were performed in 100 patients (93.5%). This included 
resections for carcinoma (59), diverticular disease as manifested by 
recurrent diverticulitis or bleeding (24), multiple polyps (nine), 
Crohn’s eclitis (three), and megacolon (five), Multiple lesions that 
either were the reason for resection or were found as a consequence of. 
it occurred in 42 patients (Table 2). Seven patients underwent emer- 
gency operations. Six had diverticular disease, and one had complete 
large-bowel obstruction (Table 1). . 

Early ir the study, colon cleansing was accomplished with cathar- 
ties and enemas and administration of oral antibiotics. More recently, 
cleansing “or elective colectomies has been accomplished with poly- 
ethylene glycol and administration of an oral antibiotic containing 
neomycin sulfate and an erythromycin base. In all cases of emergen- 
cy TAC, and occasionally in elective cases, perioperative intravenous 
antibiotice were used. Nasogastric intubation was used postopera- 
tively in al! cases until adequate bowel function returned. 

Thirty-cay postoperative mortality and morbidity data were avail- 
able in all patients. Patients’ functional status and quality of life were 
assessed from information obtained either by personal interviews or 
by mailed questionnaires. These evaluations specifically addressed 
the number of bowel movements per day, medications used common- 
ly to contrel diarrhea, hospitalizations for dehydration, occurrence of 
anal incontinence, and ultimate satisfaction from the operation. Data 
were obtained from 93 patients (87%). Quality of life after TAC was 
considered excellent if the patient experienced normal bowel function 
without medication. Quality of life was good if the patient had one to 
three bowel movements per day with medication. Fair quality of life 
was indicated by four to six bowel movements per day with medica- 
tion. Patients who experienced chronie diarrhea despite medication 
were considered to have poor quality of life.* Outcomes of colectomy 
were considered satisfactory only if quality of life was excellent or 


Data were analyzed using x° analysis with a protection for continu- 
ity. P values of .05 or less were considered significant. 
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RESULTS 














: Table 1.—indications for Total : 
The study population represents 11.6% of all operations Abdominal Colectomy 
performed for colonic diseases at our institution from 1978 to 
1988. Two patients died after TAC—a mortality of 1.9%. Diagnosis Patients Elective Emergent 
Each patient had compounding medical problems; one had Carcinoma 60 59 1 (Obstruction) 
advanced cirrhosis, and the other had steroid-dependent Diverticuiar disease 30 24 4 (Bleeding) 
‘rheumatoid arthritis. Both had protracted postoperative 2 es 








--eourses that were complicated by anastomotic leaks. Table 3 
summarizes postoperative morbidity and mortality. Eleven 
patients sustained significant morbidity, with anastomotic 
leakage being the harbinger of mortality. 

Patients were categorized based on the amount, in 5-em 
intervals, of ileum resected. Sixty-four patients (60%) had 
less than 5 cm of ileum resected, 23 (21%) had 5 to 10 cm 
resected, two (2%) had 10 to 15 em resected, and four (4%) had 
greater than 15 cm resected. In 14 patients (18%), the ileum 
was not resected, anc these patients were excluded from 





Multiple polyps 9 9 0 
Crohn's colitis 3 3 0 
Megacolon 5 5 0 
107 100. (93.5%) 7 (6.5%) 




















analysis. Table 4 compares length of ileum resected vs func- Table 2.-Concomitant Lesions in 

tional outcome, Satisfactory results were obtained in both Colectomy Specimens (N= 107) 

groups of patients with resected lengths of less than 10 cm. No. Ca of 
he oa rate who had less BA y of een es Diagnosis Patients 

quality of life after surgery was good to excellent in 46 pa- - > 

tients (85%). Among 23 patients who had 5 to 10 em of ileum le is v Sh 

resected, quality of life after surgery was good to excellent in Carcinoma and villous adenoma 4 (3.7) 

19 patients (88%). Focr outcome based on amount of ileum Multiple polyps iene : em) 

resected was not predicted. a icular disease, polyps, and carcinoma F pee 





An overall assessment of functional outcome is summarized 
in Table 5. Satisfactory results were achieved in 78 (84%) of 
the 93 patients whe responded to our postoperative inter- 
views and questionnaires. A significantly larger group of 
patients who underwent resection for carcinoma reported 
excellent quality of life compared with those who underwent 
resection for diverticular disease (P<.02). Overall, only five 
patients (5%) reportec poor outcomes. When carcinoma and 
diverticular disease ware compared as indications for resec- 
ction, less satisfactory outcomes (fair and poor) were reported 
in the group with diverticular disease (P<.07). Since colec- 
tomy, none of these patients have required hospitalization for 

dehydration, and none have had incontinence. 


COMMENT 


High mortality and morbidity after TAC have been report- 
ed and have prohibited greater acceptance of the procedure. 


Table 4.—Length of Resected lleum and Quality of Life After Total Abdominal Colectomy* 
Length of Excellent Good, 


: ; j Fair, Poor, Total, No. (%)t 
leum Resected No. (%) No. (%) No.{%) No. (%) (N= 107) 


<5 om 32 (59) 14 (26) 6 (41) 2 (4) 54 (50) 


Table 3.—Postoperative Complications (N = 107) 









No. (%) of No. (%) of 
Complication Patients Deaths 


Anastomotic leak 3 (2.8) 














Wound infection 
intra-abdominal hemorrhage 
Smail-bowel obstruction 1 (0.9) 
Pneumonia 2 (1.9) 0 

Total 11 (10.3) 2 (1.9) 




























































Sto 100m 13 (57) 6 (26) 2 0) 2 (9) 23 (21) 
Aoo letem 0 0 2 (100) 0 2 (2) 
| Total 45 (57) 20 (25) 10 (13) 79 (74) 









“Mean follow-up time was 4.5 years. Percentages may not add to 100 because of rounding. 
+Fourteen patients did no: undergo resection, and 14 did not respond to interviews and questionnaires that assessed quality of life. 


: Table 5.—Diagnosis and Quality of Life After Totai Abdominal Colectomy* 
Good, 


Excellent, ; Fair, Poor, Total, No. (%) 
Diagnosis No. (%) No. (%) No. (%) No. (%) {N= 167) 


Carcinoma and polyps? 42 (70) 11 (18) 5 (8) 2 3) 60 (56) 
Diverticular diseaset 11 (41) 8 (30) 5 (19) 3 (11) i 27 (25) 
Other 4 (67) 2 (33) 0 0 6 (6) 
Total 57 (61) 21 (23) 10 (11) 93 (87) 


*Follow-up time was 3 months to 16 years (mean, 4,5 years). Percentages may not add to 109 because of rounding. e 
+P<02 tor excellent quality of life after abdominal colectomy for carcinoma and polyps compared with colectomy for diverticular disease. P<.07 for fair topoor = = A 




































oo quality of lite-after abdominal colectomy for carcinoma and polyps compared with colectomy fordiverticular disease. 
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Our morbidity and mortality of 10.3% and 1.9%, respectively, 
are not, however, unprecedented. Fry et al‘ and Bomar’ each 
report a 0% mortality, and others have reported mortalities 
ranging from 2.4% to 14%.’°* All of these retrospective stud- 
ies included a variable number of emergency procedures per- 
formed on patients of varying age, with the age differences 
being up to 20 years. Scott et al’ report a combined mortality 
of 14%, but fully 25% of the cases were emergent, and 67% of 
the deaths occurred in this portion of patients. The highest 
: mortality and morbidity figures published are 28% and 39%, 
respectively, reported by the Mayo Clinic.’ In this study of 18 
patients, all underwent emergency operations. Those for 
whom TAC was done in desperation for massive colonic bleed- 
ing had the highest mortality. Only five (28%) of the 18 
patients had TAC for carcinoma. Additionally, a more recent 
report showed that emergency TACs in patients with ob- 
structing left-sided carcinoma resulted in a 4.5% mortality.* 
These data are reported from a patient population for whom 
. other operative procedures result in mortality rates of 27% 
and 87%.°” Our study describes a large group of patients for 
_ whom TACs were performed electively and who were most 
suited for selective application of the procedure because most 
“had premalignant or malignant lesions resulting from colon 
« eancer or precancerous conditions such as multiple polyps. 

_ A significant segment of our population had a wide variety 
of concomitant colonic pathologic features. The majority of 
these lesions were recognized preoperatively by colonoscopy. 
‘This procedure has affected our decisions to perform TAC in 
patients with carcinoma and polyps or multiple or large polyps 
and villous adenomas. Postoperative colonoscopy has also 
allowed us to determine the risk of developing metachronous 
polyps after resection for synchronous adenomatous polyps. 
“Between 54% and 69% of patients with multiple polyps will 
develop additional polyps an average of 19 to 34 months after 
resection. ™” Total abdominal colectomy should be considered 
for patients with neoplastic colonic disease. The ultimate goal 
is to reduce the risk of developing carcinoma by preventing 
progression within the presumed polyp-carcinoma se- 
quence.” Among patients with neoplastic colonic disease, the 
risk of developing metachronous carcinomas ranges from 
1.5% to 5.1%." Total abdominal colectomy should be an option 
in these cases, but should not be considered a prophylactic 
procedure without evidence of other colonic disease. Certain- 
ly, TACs should be performed for synchronous carcinomas. 
Additional benefits of this procedure are the simplification 
and low cost of the requisite survey of the colonic remnant — 
-rigid proctoscopy or flexible sigmoidoscopy vs colonoscopy. 
Total abdominal colectomy should selectively be considered 
for patients with carcinoma of the transverse colon (to com- 
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pletely remove all the lymphatic drainage), familial polyposis, 
extensive symptomatic diverticular disease, and medically 
unresponsive megacolon. Additional indications for TAC may 
include cbstructing left-sided carcinoma, granulomatous coli- 
tis, and colon carcinoma syndromes in patients less than 50 
years of age.’*** Contraindications to this operation should 
include poor nutritional status, ongoing sepsis, inflammatory 
bowel disease involving the rectum, and clinically subnormal 
anal sph -ncter function.’ 

An eraphasis has been placed on the functional outcome 
after TAC. With a mean follow-up of 4.5 years in 87% of our 
study pcpulation, we found satisfactory outcomes in 84% of 
patients and poor results in 5.4% of patients. The observation 
that a large number of bowel movements per day was not an 
absolute indicator of a poor result is noteworthy. Most pa- 
tients experienced early postoperative diarrhea, but subse- 
quently ~eturned to their typical pattern of bowel habits in 6 
months. These observations have been noted by others." If 
necessary, satisfactory bowel function can be maintained 
with atrepine sulfate and diphenoxylate hydrochloride (Lo- 
motil), loperamide hydrochloride (Imodium), or psyllium 
(Metamucil). 

A significantly better result was seen in those who under- 
went resaction for carcinoma as opposed to those who under- 
went resection for diverticular disease. This result was also 
shown by Ottinger.“ Other authors have reported equally 
good resalts. Seott et al’ report satisfactory intestinal func- 
tion in &7% of patients who underwent TAC. Lillehei and 
Wangensteen’ found the incidence of diarrhea to be no higher 
in patien.s who had undergone TACs than in patients who had 
undergone right hemicolectomies. Bomar’ reports a 70% sat- 
isfactory outcome in 16 patients. Ottinger™ notes a 16% inci- 
dence of ‘potentially disabling diarrhea,” whereas Fry et al‘ 
and Brie” et alf note no disabling diarrhea. Fortunately, anal 
incontinence was an exceedingly rare complication in all 
studies. 

The pctential harbingers of poor functional results after 
TAC have been sought. Lillehei and Wangensteen’ first pro- 
posed that the length of ileum resected best predicted out- 
come. Many of their patients had extensive resections of 
ileum, wth some of the resections measuring up to 90 cm. 
Nearly a of their patients with resections of less than 30 cm 
had no diarrhea. Currently, many more conservative ileal 
resections are performed with TACs. In this study, 4.8% of 
patients had resections that exceeded 15 cm, and no correla- 
tion was found between length of ileum resected and poor 
outcome. The studies of Lillehei and Wangensteen’ and Ottin- 
ger“ bot! recognize that neither length of remaining rectum 
nor age adversely affects function outcome. 
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The Influence of Renal Function 
on Diabetic Foot Ulceration 


Gareth D. Griffiths, T. Jeffery Wieman, MD 


+ We examined the effect of renal function on the formation, 
severity, and outcome of diabetic foot lesions. Information was 
collected from a retrospective hospital chart survey and ana- 
lyzed by univariate and multivariate linear regression analysis. 
Creatinine clearance, peripheral neuropathy, and peripheral vas- 
cular disease were all found to be independently associated with 
formation of foot lesions, indicating that each of these acts by 
distinct biologic mechanisms. Renal function had no bearing on 
the severity of lesions or on their eventual healing. We conclude 
that foot uicers are more likely to develop in diabetic patients who 
also suffer from renal impairment, but they are no less likely to 
‘heal than are those in patients with normal renal function. We 
“further conclude that attempts to preserve functional limbs in 

these patients are justified. 

(Arch Surg. 1990;125:1567-1569) 







iabetie foot ulcers are a major public health problem in 

the United States, and much has been written about the 

physical and economic morbidity associated with them.'” Re- 

nalinsufficiency has lorg been thought to be a causative factor 

in the failure of these wounds to heal, based on the results of 

studies that examined the effects of renal impairment on 

-i experimental wound healing.*" This has led to a widely held 

belief that major amputation may be the best treatment 

<; option for foot ulcers in diabetic patients with impaired renal 

function. Little critieal attention, however, appears to have 

been focused on the actual clinical outcome of lesions in this 

particular group of patients. We sought to assess the influ- 

ence of renal function on the development, severity, and 
healing capacity of diabetic foot ulcers. 


PATIENTS AND METHODS 


All patients examined in our study are enrolled in an integrated 
diabetic management program, which includes regular attendance at 


a diabetic foot clinic from which both outpatient and inpatient treat- 
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ment is coordinated. Hospital records between 1985 and 1989 were 
examined, and information was collected concerning age, sex, type. 
and duration of diabetes, smoking history, history of foot disorders, 
vascular status, neurologic assessment, and renal function. 

Foot lesions were examined from three different. viewpoints, 
namely, formation, severity, and eventual healing. A lesion was. 
defined as an ulcer, an abscess cavity, or tissue necrosis. We believed 
that the most objective assessment of severity could be obtained b; 
recording the type of treatment required. This approach was possible 
because all patients included in the study were cared for under the 
guidance of a single surgeon (T.J.W.) and had therefore received 
eonsistent treatment during the study period. Wounds were defined 
as healed when there was complete epithelial coverage. 

For the purposes of our study, peripheral vascular disease waso: 
graded as being either present or absent on the basis of the patients 
history (intermittent claudication or rest pain), physical examination 
findings (absent pedal pulses), and results of noninvasive or invasive: 
vascular imaging, if performed. Patients. with peripheral vascular 
disease were treated according to accepted principles. Peripheral 
ea ne was assessed clinically and by electrophysiclogie test-. 

* The 24-hour urinary creatinine clearance rate was used to. | 
alia renal function. A history of renal dialysis was also noted. 

Correlations among the three aspects of ulceration studied andthe. 
ether variables were examined with the use of univariate linear. _. 
regression analysis. Interactions between significant variables were 
then examined by multivariate linear regression analysis. 


RESULTS 


Among a total of 281 patients who had been seen at the: 
diabetic foot clinic, 94 had undergone a 24-hour urinary creati- 
nine clearance evaluation during hospital admissions for foot 
problems or other unrelated conditions (50 women and 44: 
men; mean + SD age, 57.9 + 18.0 years). Seventy-four (78.7%) 
of the patients had insulin-dependent diabetes, while in 20- 
(21.3%), diabetes was controlled with oral hypoglycemic med- 
ieation. The mean (+ SD) duration of diabetes was 11.0 £10.23 
years. The mean creatinine clearance rate for the whole pa- 
tient group was 64.6+29.9 mL/min. Three patients were 
being treated with hemodialysis. 


Lesion Formation 


Forty-five (47.9%) of the 94 patients developed a total of © : 
105 foot lesions during the average follow-up period of 34.9 
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Table 1.—Correlation of Lesion Formation by Univariate and 
Multivariate Analysis* 


Univariate Two-Term Three-Term 
Analysis Analysis Analysis 


Albumin <.001 <.05 


Duration of 
diabetes 
Peripheral 
neuropathy 
Creatinine 
clearance 


Peripheral 
vascular 
disease 



















<.001 


















<.001 













<.001 <.001 










*Values represent P values. NS indicates not significant. 


Table 2.—Relationship of Creatinine Clearance, Peripheral 
Neuropathy, and Peripheral Vascular Disease (PVD) to 
Treatment Required 


Treatment Group 
plata tee ee 
No Débride- Partial Major 
Lesions ment Amputation Amputation 
(n= 49) (n=24) (n= 16) (n=5) 


74.0+32.1 55.2+25.6 50.8+23.1 61.2+19.2 


$- Prevalence of 
neuropathy, % 


Prevalence 
of PVD, % 





months (range, 6 to 80 months). Thirty-nine (87%) of the 45 
patients with foot lesions developed a total of 87 ulcers/ 
abscesses that were believed to be primarily neuropathic, 
based on the clinical history and physical examination. The 
< Yemaining six patients (18%) developed a total of 18 lesions 
_ that were believed to be primarily ischemic, again based on 
the clinical findings. 
~~ Correlations were sought between lesion formation and the 
variables mentioned above with use of univariate linear re- 
= gression analysis. The variables that were found to show 
significant correlations were then compared with use of multi- 
-< variate analysis (Table 1). Lesion formation correlated with 
_ each of the variables shown in Table 1 when tested individual- 
dy. Albumin level, duration of diabetes, peripheral neuropa- 
thy, and creatinine clearance were most significantly associ- 
-ated with lesion formation, while peripheral vascular disease 
-had a weaker (but still significant) association. No correla- 
-tions were noted between age, sex, type of diabetes, or 
‘smoking history and lesion formation. In the two-term analy- 
--sis, albumin level and duration of diabetes both showed less 
< -correlation with lesion formation when the presence of pe- 
- -ripheral neuropathy was considered. The three-term analy- 
_» «sis, however, showed that peripheral neuropathy, creatinine 
` clearance rate, and peripheral vascular disease each main- 
tained their individual correlations with lesion formation 
when analyzed together. 


Lesion Severity 


Patients were divided into three groups based on the treat- 
_ ©. ment of their lesions. The first group required only débride- 
_ ment of the lesions, the second required toe or partial foot 
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Healing Time, d 





o 20 40 60 80 100 120 


Creatinine Clearance, mL/min 
Healing imes of diabetic foot ulcers related to creatinine clearance. 


amputation, and the third required major amputation. In 
cases where patients had more than one lesion and thus 
requiree different treatments, the most severe outcome was 
used in the analysis. 

The mean creatinine clearance rates for each of these three 
groups żre shown in Table 2. No significant differences were 
detectes: among the mean creatinine clearance rates of each 
group. The prevalence of peripheral neuropathy was not 
statistically different among the groups, but there was an 
increased incidence of peripheral vascular disease in the five 
patients who required major amputation. 


Time to Healing 


Amorg the 45 patients with lesions, five required major 
amputa-ion; these patients were excluded from the analysis of 
healing zime. Thirty of the remaining 40 patients have healed 
lesions. The mean (+ SD) healing time was 159 + 98 days. No 
correlation was detected between wound healing time and 
creatinine clearance with the use of linear regression analysis 
and the rank sum test (Figure). The same tests revealed no 
correlation of peripheral neuropathy and peripheral vascular 
disease with healing time. Ten patients currently have un- 
healed ‘esions, but their creatinine clearance rates were no 
differert from those whose lesions have healed (49.7 + 26.9 
mL/mir vs 50.1+21.3 mL/min, P>.05). One of these 10 pa- 
tients is receiving hemodialysis; of the other two patients 
receivirg dialysis, one had never had a foot lesion and the 
other kad a history of two lesions, both of which healed 
satisfaccorily. 


COMMENT 


We examined how renal function is related to the forma- 
tion, severity, and outcome of diabetic foot ulcers. The possi- 
bility that impaired renal function may affect wound healing 
was first raised during the Korean War.” Experimental 
work has since examined the effects of uremia on wound 
healing in animals and in humans.*” Although a number of 
these studies have demonstrated biochemical defects and 
decreased wound strength in diabetes and renal insufficiency, 
none hes shown that clinical wound closure per se is impaired. 
Such deta would be important in the selection of a course of 
management for patients with diabetic foot ulcers, as wound 
closureds the most important step in reducing the probability 
of limb+hreatening infections. 

Our data indicate that renal insufficiency, peripheral neu- 
ropaths, and peripheral vascular disease are each indepen- 
dently associated with ulcer formation, suggesting that. dif- 
ferent biologic mechanisms are operating in each case. The 
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associations found between albumin level and lesion forma- 
tion and between the duration of diabetes and lesion forma- 
tion were secondary to the correlation of peripheral neuropa- 
thy with these two variables. 

The mechanisms by which neuropathy and peripheral vas- 
cular disease lead to ulcer formation are readily apparent. 
_ Neuropathy results in an abnormal distribution of weight 
with high-pressure zores that produce trauma via excessive 
static and dynamiz forces.” Peripheral vascular disease 
causes reduced extremity blood flow, thereby impairing the 
supply of nutrients available for tissue healing. 

The mechanism by which renal insufficiency contributes to 
the formation of diabetic foot ulcers is not as readily apparent. 
Ulcers most frequently develop following trauma to subcuta- 
neous tissues beneath a callus. The tissue trauma leads to 
hematoma and cavity formation. Ulcers ultimately appear 
when these cavities communicate with the exterior via a 
defect in the callus. Under physiologic conditions, a balance 
exists between the destructive processes and the early in- 
flammatory response, which initiates wound healing process- 
es. Several responses that are important in the early phase of 


wound healing have been shown to be deficient in renal insuf- 


ficiency and in diabetes. Impaired leukocyte function has 
been documented in diabetes” and in renal function impair- 
ment. Reduced neutrophil adherence has also been reported 
in both conditions,“ and impaired phagocytosis and chemo- 
taxis have been associated with diabetes.*"* Wound collagen 
production’ and immunologic responses to lymph-borne tis- 
sue antigens” have been shown to be impaired in uremia. 
These abnormalities may be compounded in the presence of 
both renal impairment and diabetes, impairing the initial 
response to trauma in such a way that ulcers develop in 
circumstances that would normally resolve without skin 
breakdown. The mechanisms by which renal impairment pro- 
duces these effects are unclear, but increased systemic levels 
of metabolic wastes (eg, urea) may have adverse cellular 
effects of this nature. 

Statistical analysis suggests that the process of initial ulcer 


formation is different from that which determines ulcer se- 
verity and eventual healing. These latter two variables bear 
no correlation to the degree of renal function or to the pres- 
ence of peripheral neuropathy or peripheral! vascular disease, 
The absence of a correlation between peripheral vascular 
disease and ulcer healing time can be explained by the fact 
that arterial reconstruction was performed if ischemia were 
expected to delay healing. Peripheral neuropathy would not 
be expected to correlate with healing time, as most of the 
lesions in this study were believed to be neuropathic. The fact 
that renal impairment correlates with lesion formation but 
not with healing time may be explained by postulating an 
effect on the early inflammatory response to trauma but not 
on the later stages of wound healing, namely, epithelialization 
and wound contraction. It is also possible that wound healing ` 
is less impaired in an open, débrided wound compared with 
the closed cavities that are characteristic of ulcer formation. 
The implications of these findings are important in the care 
of diabetic patients with or without foot lesions. Patients with 
impaired renal function are at a higher risk of developing foot 
lesions and thus need intensive surveillance and careful pre- 
ventive care, particularly if they also have peripheral neurop- 
athy or peripheral vascular disease. The correlation between 
decreasing creatinine clearance rate and increasing ulcer for- 
mation is linear. Thus, patients with the lowest creatinine 
clearance rates are at highest risk. Once a lesion develops, 
however, individuals with impaired renal function can expect 
their lesions to be no more severe than those in patients with 
normal renal function. They may also expect an acceptable 
chance of healing, given adequate treatment. Therefore, it is 


the policy of our unit to monitor these patients regularly inan 


attempt to prevent ulcer development. However, if an ulcer 
does develop in a diabetic patient with impaired renal func- 
tion, our goal is to obtain wound healing and foot salvage 
through complete débridement while preserving all healthy 
functional tissue. 


We would like to acknowledge the assistance of Dr J. Gamel in performing the 
statistical analyses. 
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Kenric M. Murayama, MD; James B. Drew, MS; Raymond J. Joehl, MD 


> @ Because somatostatin is a potent inhibitor of pancreatic 
< secretion, we hypothesized that pretreatment with somatostatin 

‘analogue octreotide (SMS 201-995) might prevent cerulein-in- 
duced edematous pancreatitis. We studied 18 rats prepared with 
jugular vein catheters. The following agents were administered 
“intravenously to groups of four rats for 6 hours: 1 mh (control) 
» erystalloid solution; 1-ug/kg bolus then 1 pg/kg per hour of 
‘octreotide; and 5 pg/kg per hour of cerulein; also, in a fourth 
-group of six rats, octreotide and cerulein were administered 
simultaneously. At the end of experiments, blood was drawn for 
plasma amylase determinations; rats were killed and pancreata 
were examined. Supramaximal cerulein administration to con- 
scious rats induced hyperamylasemia and edematous pancreati- 
tis, confirming previous observations; in both groups of rats 
receiving cerulein, there was prominent interstitial edema, acinar 
vacuolization, and mild-to-moderate acute inflammation. While 
octreotide pretreatment of rats with cerulein-induced acute pan- 
- ¢reatitis was associated with a lesser increase of wet pancreas 
weight and plasma amylase concentration, there was little over- 
all benefit of octreotide pretreatment in this form of experimental 
acute pancreatitis. 

(Arch Surg. 1990;125:1570-1572) 





A cute pancreatitis is a common clinical problem, but treat- 
ment remains nonspecific and primarily supportive. Ef- 
- fective therapy should favorably alter the natural history of 
the disease, ultimately decreasing associated morbidity and 
mortality. The suppression of pancreatic exocrine function 
has long been accepted as a cornerstone in the treatment of 
acute pancreatitis because pancreatic stimulation by food in 
the patient recovering from acute pancreatitis often causes an 
acute exacerbation of the disease. 
~~ Somatostatin is an endogenous cyclic tetradecapeptide that 


has numerous inhibitory actions on gastrointestinal function; 


in particular, it suppresses pancreatic exocrine and endocrine 
- secretion. Somatostatin has been shown to have a beneficial 
_ effect in several models of experimental acute pancreatitis. ** 
Octreotide (SMS 201-995, Sandostatin, Sandoz, East Hano- 
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~ Does Somatostatin Analogue Prevent 
‘Experimental Acute Pancreatitis? 


ver, NJ) isa longer-acting octapeptide, similar to native soma- 
tostatin, that inhibits spontaneous and stimulated pancreatic 
secretion." 

Admiristration of supramaximal doses of the pancreatic 
secretagogue cerulein causes hyperamylasemia and acute 
edemataus panereatitis in rats, which is associated with gross 
and ultrastructural changes.*” In addition, cerulein-induced 
acute pancreatitis causes marked impairment of pancreatic 
exocrine function.” We have studied this experimental prep- 
aration ef acute pancreatitis and found it to be a useful and 
reprodueible model. We hypothesized that octreotide might 
ameliorste or prevent acute pancreatitis induced by supra- 
maximakcerulein administration. 


MATERIALS AND METHODS 


Eighteen Sprague-Dawley rats weighing 300 to 350 g were pre- 
pared. General anesthesia was induced with 5 mg/kg of intraperitone- 
al acepromazine maleate and 50 mg/kg of ketamine hydrochloride. A 
jugular vein Silastic catheter was inserted, through which 5% dex- 
trose and 0.45 mmol/L sodium chloride with 20-mEq/L potassium 
chloride was continuously administered to all rats at 1 mL/h using a 
syringe pamp (Sage Instruments, Cambridge, Mass). Anesthetized 
rats were placed prone in restraining cages. When the rats awak- 
ened, standard food and water were made available ad libitum. 

On the first postoperative day, the rats were divided into four 
groups fo” the experiments. Group 1 rats (n= 4) were administered 
crystalloid solution intravenously (1 mL/h) as a control. Group 2 rats 
(n=4) were treated with octreotide intravenously, first a l-ug/kg 
bolus, then 1 pg/kg per hour for 6 hours. Group 3 rats (n= 4) were 
given 5 pg/kg per hour of cerulein (Sigma Chemical Co, St Louis, Mo) 
intravenoasly for 6 hours. Group 4 rats (n=6) received a 1-ye/ke 
intravenoas bolus of octreotide followed by a simultaneous infusion of 
1 pg/kg per hour of octreotide and 5 pg/kg per hour of cerulein for 6 
hours. At the completion of experiments, blood was drawn to mea- 
sure plasma amylase concentration (ACA ITI, Du Pont, Wilmington, 
Del); results are reported in units per liter. Then, each rat was 
anesthetized with intravenous ketamine and acepromazine and killed 
with intrevenous potassium chloride. The pancreas was excised in 
standard fashion and weighed. Each pancreas was fixed in 10% 
formaldet-yde solution. In blind fashion, hematoxylin-eosin-stained 
sections œ each pancreas were examined microscopically for intersti- 
tial edema, granulocyte infiltration, acinar vacuolization, and cell 
necrosis, as described previously. * Results of plasma amylase con- 
centration and wet pancreas weight were analyzed by Bonferroni 
analysis cf variance and differences were considered significant. at 
P<.05. 
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RESULTS 


There was no morbidity associated with housing rats in 
Bollman cages for 24 hcurs following surgical preparation and 
during the 6-hour experiments. The rats consumed food and 
water liberally, and urinated and defecated frequently for the 
duration of the experiments. 

Plasma amylase ecncentration was determined in all rats at 
the conclusion of experiments. Mean plasma amylase concen- 
tration is presented in the Table. The administration of ceru- 
lein with or without octreotide resulted in markedly increased 
mean plasma amyiase concentration above values for rats 
treated with crystalloid (group 1) and octreotide alone (group 


Plasma Amylase and Wet Pancreas Weight* 














Rat Group Plasma Amylase, Wet Pancreas Weight, 
in) U/L mg 
1 (4) 1460 +90 276+17 
2 (4) $70 + 130 255 + 20 
3 (4) 25 700 = 3200f 471+97 





4 (6) 334 +27 


“Rat groups were acministared the following agents intravenously: group 1, 
crystalloid solution; group 2, somatostatin analogue SMS 201 995; group 3, 
cerulein; and group 4, SMS 201 995 and cerulein. Values are mean + SEM. 

tSignificant difference from group 1 and 2 values, P<.05. 
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Fig 1.—Photomicrograph of pancreas from a control rat (group 1) 
(hematoxylin-eosin, original magnification x 100). 


Fig 3.--Photomicrograph of pancreas from cerulein-treated rat. Nu- 
merous vacuoles are present within acinar cells (hematoxylin-eosin, 
original magnification x 100). 
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2). Comparing the two cerulein-treated groups (groups 3 and 
4), the mean plasma amylase concentration was not found to 
be significantly greater in group 3 rats, which received only 
cerulein. A comparison of wet pancreas weight is also pre- 
sented in the Table. Wet pancreas weight was not significant- 
ly increased in the two groups receiving cerulein; it was 
highest in the group receiving only cerulein (group 3). 

Under light microscopy, pancreata from rats receiving 
crystalloid or octreotide alone appeared normal (Fig 1). In 
both rat groups receiving cerulein, alone or with octreotide, 
pancreas specimens were histologically similar. There was 
microscopically prominent interstitial edema (Fig 2) and aci- 
nar vacuolization (Fig 3) as well as mild-to-moderate acute 
inflammation, especially in periductal regions (Fig 4). Mild 
granulocyte infiltration was noted in the pancreatic acinar 
parenchyma. On gross inspection of the abdominal cavity in 
rats treated with cerulein, peripancreatic fat necrosis was 
frequently observed (groups 3 and 4). No hemorrhage was 
seen. 


COMMENT 


Experimental acute pancreatitis was induced by supra- 
maximal administration of cerulein, thus confirming our pre- 
vious observations.” The morphologic changes and hyper- 
amylasemia that we observed in these experiments are con- 
sistent with those reported by other investigators.*" The 
observations reported herein demonstrate the reproducibili- 
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Fig 2.— Photomicrograph of pancreas from cerulein-treated rat. Prom- 


inent interstitial edema with separation of pancreatic lobules is evident 
(hematoxylin-eosin, original magnification x 40). 


Fig 4.—Photomicrograph of pancreatic duct from cerulein-treated rat. 
Prominent periductal granulocyte infiltration in submucosa is present 
(hematoxylin-eosin, original magnification x 250). 





Somatostatin Analogue—Murayama etal 1571 





ty of this form of experimental acute pancreatitis. 
Because supramaximal cerulein administration induces 


“acute pancreatitis by specific stimulation of cholecystokinin 


receptors and is prevented by a cholecystokinin antagonist,” 


we thought that inhibition of pancreatic secretion by octreo- 
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tide may also prevent or ameliorate the pancreatic inflamma- 
tion induced by supramaximal cerulein. We administered a 
dose of octreotide that is known to inhibit pancreatic and 
intestinal secretions.” We did not administer larger doses of 
octreotide because higher-dose octreotide decreases pancre- 


-atic blood flow,” an effect that is potentially detrimental in 


rats with coexisting acute pancreatitis. 
Octreotide administration alone had no significant effect on 


basal plasma amylase concentration and wet pancreas 
«weight. Octreotide reduced plasma amylase concentration by 
`- 89% and wet pancreas weight by 29% in rats with cerulein- 


induced acute pancreatitis, but these apparent improvements 
did not reach statistical significance by analysis of variance. 


- These measures of pancreatitis severity (plasma amylase 
concentration, wet pancreas weight) in octreotide-treated 
-rats with cerulein-induced acute pancreatitis were greater 


‘than basal values from control rats without acute pancreatitis 
(groups 1 and 2), but the difference was statistically signifi- 


eant only for amylase concentration. In addition, octreotide 


had no beneficial effect on the morphologic changes induced 


- by supramaximal cerulein administration. 


There are variable results from octreotide treatment of 
different experimental acute pancreatitis preparations. Lan- 
kisch et al" observed a reduction of serum amylase and lipase 


1. Reichlin S. Somatostatin. N Engl J Med. 1983;309:1495-1501. 
2, Reichlin S. Somatostatin. N Engl J Med. 1983;309:1556- 1563. 
3. Choi TK, Mok F, Zhan WH, Fan ST, Lai ECS, Wong J. Somatostatin in 


> the treatment of acute pancreatitis: a prospective randomized controlled trial. 


Gut. 1989;30:323-327. 

4, Schwedes U, Althoff PH, Klempa I, et al. Effect of somatostatin on bile- 
induced acute hemorrhagic pancreatitis in the dog. Horm Metab Res. 
1979;11:655-661. 

5. Adler G, Koch A, Kern HF. Effect of somatostatin on rat exocrine 
panereatic secretory process in normal and diseased state. Z Gastroenterol 
Verh. 1980;18:418-426. 

6. Baxter JN, Jenkins SA, Day DW, et al. Effect of somatostatin and long- 
acting somatostatin analogue on the prevention and treatment of experimental- 
ly induced acute pancreatitis in the rat. Br J Surg. 1985;72:382-385. 

7. Misumi A, Shiratori K, Lee KY, Barkin JS, Chey WY. Effects of SMS 
201-995, a somatostatin analogue, on the exocrine secretion and gut hormone 
release in dogs. Surgery. 1988;103:450-455. 

8. Stockman F, Fehman HC, Lankisch PG, Creutafeldt W. Influence of SMS 
201-995, a long-acting somatostatin analogue, on exoerine secretion in the rat. 
Dig Dis Sci. 1986;31:1151. Abstract. 

9. Lampel M, Kern HF. Acute interstitial pancreatitis in the rat induced by 


excessive doses of pancreatic secretagogue. Virchows Arch A. 1977 3373:97-117. 


10. Adler G, Hupp T, Kern HF. Course and spontaneous regression of acute 


5 pancreatitis in the rat. Virchows Arch A. 1979;382:31-47. 
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concentrations but did not find any beneficial effect of octreo- 
tide on pancreatic structure and survival in rats with acute 
pancreatitis caused by retrograde injection of bile into the 
pancreatic duct. Schwedes et al‘ reported less pancreatic 
damage in octreotide-treated dogs with acute pancreatitis 
caused by retrograde injection of bile into the pancreatic duct. 
Adler et al’ demonstrated that octreotide inhibited newly 
synthesized enzyme and protein discharge from rat pancreat- 
ic lobules evoked by low-dose cerulein; octreotide reduced the 
severity of and improved recovery from acute pancreatitis 
induced by high-dose cerulein. 

Baxter et al’ demonstrated that octreotide prevented both 
the increase in serum concentration of pancreatic enzymes 
and the development of pancreatic inflammatory changes in 
acute pancreatitis caused by pancreatic duct and bile duct 
obstruct on in rats. If these beneficial effects reported by 
Baxter et al’ occur because octreotide inhibits discharge of 
acinar cell enzymes and protein, then the different results 
that we cbtained with cerulein-induced acute pancreatitis are 
possibly 2xplained by an inability of a clinically practical dose 
of octrectide to inhibit the profound pancreatic stimulation 
induced sy supramaximal cerulein administration. 

We conclude from these observations that octreotide had 
little overall benefit in treating cerulein-induced acute pan- 
creatitis. To know whether octreotide, other pancreatic exo- 
crine inhibitors, *” or other new agents will be effective in the 
treatment of patients with acute pancreatitis, requires the 
developraent of more unifying concepts and a better under- 
standing of acute pancreatitis pathogenesis. er: 
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THE RESPIRATORY SEASON MEANS 


TOUGH PATIENTS, 
TOUGH PATHOGENS... 


lution + improvement) of 
d pathogens. See indi- 


* Achieves 96% favorable clinical response (re: 
infections due to susceptible strains of indica 
cated organisms in prescribing information. 

t In vitro activity does not necessarily imply @ corfelationwith in vivo results. 


NOTE: Concurrent administration of ciprofloxacin with theophylline may lead 
to elevated plasma concentrations of theophylline and prolongation of its 
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elimination half-life. This may result in Increased risk of theophylline-related 3 


adverse reactions. If concomitant use Cannot be avoided, plasma levels of 
theophylline should be monitored and dosage adjustments made as 


appropriate. üi 








Antacids containing magnesium 
with the absorption of ciproflo; 
lower than desired; concurrent 
ciprofloxacin should be avoided. 


A history of hypersensitivity to ¢ r 
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use of ciprofloxacin. ; 
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PREGNANT WOMEN. 
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IN LOWER RESPIRATORY INFECTIONS 


CIPRO 

MAKES A TOUGH 
THERAPEUTIC 
CHOICE EASIER. 
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Treating patients with 
lower respiratory 
infections is often a 
challenge. 


These patients may smoke or drink 
excessively, or have underlying con- 
ditions such as COPD. 


They could be elderly or immuno- 
compromised or live in nursing 
homes where they are constantly 
exposed to multiple organisms. 


Too often, they may have a history 
of repeated antibiotic use that has 
proven ineffective against their 
lower respiratory infections. 


So, how do you manage these tough 


patients during the respiratory season? 


By prescribing the “tough” agent that achieved 96% clinical 
success in pneumonia, bronchitis, and bronchiectasis.“ 


By prescribing Cipro“. 
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CIPRO® TABLETS 
(ciprofloxacin HCI/Miles) 


BRIEF SUMMARY 
CONSULT PACKAGE INSERT FOR FULL PRESCRIBING INFORMATION 


INDICATIONS AND USAGE 
Cipro® is indicated tor the treatment of infections caused by susceptible strains of the designated microorganisms in 
the conditions listed below 
Lower Respiratory Infections caused by Escherichia coli Klebsiella ppeumomae. Enterobacter cloacae. Proteus 
mirabilis. Pseudomonas aerugingsa. Haemophilus influenzae Haemophilus parainfluenzae, and Streptococcus 
pneumoniae 
Skin and Skin Structure Infections caused by Escherichia coli. Klebsiella pneumoniae Enterobacter cloacae, 
Proteus mirabilis. Proteus vulgaris. Providencia stuartii. Morganella morganu. Citrobacter freundn. Pseudomonas 
aeruginosa. Staphylococcus aureus Staphylococcus epidermidis. and Streptococcus pyogenes 
Bone and Joint Infections caused by Enterobacter cloacae. Serratia marcescens and Pseudomonas aeruginosa 
Urinary Tract Infections caused by Escherichia coli, Klebsiella pneumoniae, Enterobacter cloacae, Serratia mar- 
cescens. Proteus mirabilis. Providencia rettger!. Morganelia morgani. Citrobacter diversus. Citrobacter treundii. 
Pseudomonas aeruginosa, Staphylococcus epidermidis. and Streptococcus faecalis 
Infectious Diarrhea caused by Escherichia coli (enterotoxigenic strains) Campylobacter jejuni. Shigella flexneri. * 
and Shigella sonnei* when antibacterial therapy 1S indicated 
*Etficacy for this organism in this organ system was studied in fewer than 10 infections 
CONTRAINDICATIONS 
A history of hypersensitivity to ciprofloxacin is a contraindication to its use. A history of hypersensitivity to other 
quinolones may also contraindicate the use of ciprofloxacin 
WARNINGS 
CIPROFLOXACIN SHOULD NOT BE USED IN CHILDREN. ADOLESCENTS. OR PREGNANT WOMEN. The oral admin- 
istration of ciprofloxacin caused lameness in immature dogs Histopathological examination of the weight-bearing 
joints of these dogs revealed permanent lesions of the cartilage. Related drugs such as nalidixic acid. cinoxacin and 
norfloxacin also produced erosions of cartilage of weight-bearing joints and other signs of arthropathy in immature 
animals of various species (SEE ANIMAL PHARMACOLOGY SECTION IN FULL PRESCRIBING INFORMATION) 
PRECAUTIONS 
General: As with other quinolones. ciprofloxacin may cause central nervous system (CNS) stimulation. which may 
lead to tremor, restlessness. lightheadedness. contusion, and rarely to hallucinations or convulsive seizures. There- 
fore. ciprofloxacin should be used with caution in patients with known or suspected CNS disorders, such as severe 
cerebral arteriosclerosis or epilepsy. or other factors which predispose to seizures (SEE ADVERSE REACTIONS) 

Anaphylactic reactions following the first dose have been reported in patients receiving therapy with quinolones 
Some reactions were accompanied by cardiovascular collapse. loss of consciousness, tingling. pharyngeal or facial 
edema. dyspnea, urticaria, and itching Only a few patients had a history of hypersensitivity reaction. Anaphylactic 
feactions may require epinephrine and other emergency measures Ciprofloxacin should be discontinued at the first 
sign of hypersensitivity or allergy 

Severe hypersensitivity reactions characterized by rash. fever, eosinophilia, jaundice, and hepatic necrosis with 
fatal outcome have been reported rarely (less than one per million prescriptions) in patients receiving ciprofloxacin 
along with other drugs. The possibility that these reactions were related to ciprofloxacin cannot be excluded 
Ciprofloxacin should be discontinued at the first appearance of a skin rash or any sign of other hypersensitivity 
reaction 

Crystals of ciprofloxacin have been observed rarely in the urine of human subjects but more frequently in the urine 
of laboratory animals (SEE ANIMAL PHARMACOLOGY SECTION IN FULL PRESCRIBING INFORMATION) 
Crystalluria related to ciprofloxacin has been reported only rarely in man, because human urine iS usually acidic 
Patients receiving ciprofloxacin should be well hydrated, and alkalinity of the urine should be avoided. The 
recommended daily dose should not be exceeded 

Alteration of the dosage regimen is necessary for patients with impairment of renal function (SEE DOSAGE AND 
ADMINISTRATION) 

As with any potent drug. periodic assessment of organ system functions, including renal, hepatic, and 
hematopoietic function, is advisable during prolonged therapy 
Drug Interactions: As with other quinolones concurrent administration of ciprofloxacin with theophylline may lead to 
elevated plasma concentrations of theophylline and prolongation of its elimination half-life. This may result in 
increased risk of theophylline-related adverse reactions If concomitant use cannot be avoided, plasma levels of 
theophylline should be monitored and dosage adjustments made as appropriate 

Quinolones. including ciprofloxacin. have also been shown to interfere with the metabolism of caffeine. This may 
lead to reduced clearance of caffeine and a prolongation of its plasma half-lite 

Antacids containing magnesium hydroxide or aluminum hydroxide may interfere with the absorption of ciprotlox- 
acin resulting in serum and urine levels lower than desired: concurrent administration of these agents with 
ciprofloxacin should be avoided 

Concomitant administration of the nonsteroidal antiinflammatory drug fenbuten with a quinolone has been 
reported to increase the risk of CNS stimulation and convulsive seizures 

Probenecid interferes with the renal tubular secretion of ciprofloxacin and produces an increase in the level of 
ciprofloxacin in the serum. This should be considered if patients are receiving both drugs concomitantly. 

‘As with other broad-spectrum antibiotics, prolonged use of ciprofloxacin may result in overgrowth of nonsuscepti- 
ble organisms. Repeated evaluation of the patient's condition and microbial susceptibility testing is essential. If 
superinfection occurs during therapy. appropriate measures should be taken 
Information for Patients: Patients should be advised that ciprofloxacin may be taken with or without meals The 
preferred time of dosing is two hours after a meal. Patients should also be advised to drink fluids liberally and not take 
antacids containing magnesium or aluminum 

Patients should be advised that ciprofloxacin may be associated with hypersensitivity reactions, even following a 
single dose, and to discontinue the drug at the first sign of a skin rash or other allergic reaction 

Ciprofloxacin may cause dizziness or lightheadedness; therefore patients should know how they react to this drug 
before they operate an automobile or machinery or engage in activities requiring mental alertness or coordination 

Patients should be advised that ciprofloxacin may increase the effects of theophylline and caffeine 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Eight in vitro mutagenicity tests have been conducted with 
ciprofloxacin and the test results are listed below 

Salmonella’ Microsome Test (Negative) 

E. coli DNA Repair Assay (Negative) 

Mouse Lymphoma Cell Forward Mutation Assay (Positive) 

Chinese Hamster V7q Call HGPRT Test (Negative) 

Syrian Hamster Embryo Cell Transformation Assay (Negative) 

Saccharomyces cerevisiae Point Mutation Assay (Negative) 

Saccharomyces cerevisiae Mitotic Crossover and Gene Conversion Assay (Negative) 

Rat Hepatocyte DNA Repair Assay (Positive) 
Thus, two of the eight tests were positive, but the results of the following three in vivo test systems gave negative 
results 

Rat Hepatocyte DNA Repair Assay 

Micronucleus Test (Mice) 

Dominant Lethal Test (Mice) 
Long-term carcinogenicity studies in rats and mice have been completed. Atter daily oral dosing for up to 2 years 
there is no evidence that ciprofloxacin had any carcinogenic or tumorigenic effects in these species 
Pregnancy—Pregnancy Category C: Reproduction studies have been performed in rats and mice at doses up to 6 
times the usual daily human dose and have revealed no evidence of impaired fertility or harm to the fetus due to 
ciprofloxacin. In rabbits, as with most antimicrobial agents, ciprofloxacin (30 and 100 mg/kg orally) produced 
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CIPRO MAKES A TOUGH 
THERAPEUTIC CHOICE EASIER. 


gastrointestinal dissurbances resulting in maternal weight loss and an increased incidence of abortion No terato- 
Qenicity was observed at either dose. After intravenous administration, at doses up to 20 mg/kg. no maternal toxicity 
was produced, ancno embryotoxicity or teratogenicity was observed. There are, however, no adequate and well- 
controlled studies n pregnant women. SINCE CIPROFLOXACIN, LIKE OTHER DRUGS IN ITS CLASS, CAUSES 
ARTHROPATHY IN IMMATURE ANIMALS, IT SHOULD NOT BE USED IN PREGNANT WOMEN (SEE WARNINGS). 
Nursing Mothers: t is not known whether ciprofloxacin ıs excreted in human milk; however, it IS known that 
ciprofloxacin is exceted in the milk of lactating rats and that other drugs of this class are excreted in human milk 
Because of this ane because of the potential for serious adverse reactions trom ciprofloxacin in nursing infants, a 
decision should be nade to discontinue nursing or to discontinue the drug, taking into account the importance of the 
drug to the mother 
Pediatric Use: Pasents under the age of 18 were not included in the clinical trials of ciprofloxacin because 
ciprofloxacin as we as other quinolones causes arthropathy in immature animals. Ciprotloxacin should not be used 
in children or adolescents (SEE WARNINGS). 
ADVERSE REACTIONS 
Ciprofloxacin is gemerally well tolerated. During clinical investigation, 2.799 patients received 2,868 courses of the 
drug. Adverse everts that were considered likely to be drug related occurred in 7.3% of courses possibly related in 
9 2%. and remotel~ related in 3.0%. Ciprofloxacin was discontinued because of an adverse event in 3 5% of courses, 
primarily involvingsthe gastrointestinal system (1.5%), skin (0.6%), and central nervous system (0.4%) Those 
events typical of qunolones are italicized 
The most frequestly reported events, drug related or not, were nausea (5.2%), diarrhea (2.3%), vomiting (2 0%), 
abdominal pain ‘discomfort (1.7%). headache (1 2%), restlessness (1.1%), and rash (1 1%) 
Additional event that occurred in less than 1% of ciprofloxacin courses are listed below. 
GASTROINTESTINAL: (See above), painful oral mucosa. oral candidiasis, dysphagia, intestinal perforation, 
gastrointestiral bleeding 
CENTRAL NERVOUS SYSTEM: (See above), dizziness, lightheadedness, insomnia. nightmares, hallucina- 
tions, manic “eaction, irritability, tremor, ataxia, convulsive seizures. lethargy, drowsiness, weakness, mal- 
aise, anorexi.. phobia. depersonalization, depression paresthesia 
SKIN HYPEFSENSITIVITY (See above), pruritus, urticaria, photosensitivity, flushing, fever, chills 
angioedema, 2dema of the face. neck, lips. conjunctivae or hands, cutaneous candidiasis. hyperpigmentation, 
erythema nowosum 
Allergic reactons ranging from urticaria to anaphylactic reactions have been reported (SEE PRECAUTIONS). 
SPECIAL SEBSES: blurred vision, disturbed vision (change in color perception, overbrightness of lights), 
decreased vizual acuity, diplopia, eye pain, tinnitus, hearing loss, bad taste 
MUSCULOSKELETAL joint or back pain, joint stiffness, achiness, neck or chest pain, flare-up of gout 
RENAL UROGENITAL: interstitial nephritis, nephritis. renal failure. polyuria, urinary retention, urethral 
bleeding, vaeinitis, acidosis 
CARDIOVASEULAR: palpitations, atrial flutter, ventricular ectopy, syncope hypertension, angina pectoris, 
myocardial irtarction. cardiopulmonary arrest cerebral thrombosis 
RESPIRATOFY: epistaxis. laryngeal or pulmonary edema, hiccough, hemoptysis, dyspnea, bronchospasm, 
pulmonary enbolism 
Most of the adverse events reported were described as only mild or moderate in severity, abated soon after the 
drug was discontirued, and required no treatment 
In several insteaces. nausea, vomiting, tremor, restlessness. agitation, or palpitations were judged by in- 
vestigators to be elated to elevated plasma levels of theophylline possibly as a result of a drug interaction with 
ciprotloxacin 
Other adverse events reported in the postmarketing phase include anaphylactoid reactions, Stevens-Johnson 
syndrome, exfoliate dermatitis, toxic epidermal necrolysis, hepatic necrosis, postural hypotension, possible exac- 
erbation of myashenia gravis, confusion, dysphasia, nystagmus, pseudomembranous colitis, dyspepsia, 
flatulence, and censtipation. Also reported were agranulocytosis; elevation of serum triglycerides, serum 
cholesterol, blood:glucose. serum potassium: prolongation of prothrombin time; albuminuria candiduria, vaginal 
candidiasis; and real calculi (SEE PRECAUTIONS) 
Adverse Laboratory Changes: Changes in laboratory parameters listed as adverse events without regard to drug 
relationship: 
Hepatic—Elevations of: ALT (SGPT) (1.9%). AST (SGOT) (1.7%). alkaline phosphatase (0.8%), LDH (0.4%), 
serum bilirusin (0.3%). 
Cholestatic jundice has been reported. 
Hematologic—Eosinophilia (0.6%), leukopenia (0.4%), decreased blood platelets (0.1%), elevated blood 
platelets (0.~%), pancytopenia (0.1%) 
Renai—Elevations of: Serum creatinine (1.1%), BUN (0.9%). 
CRYSTALLURIA, CYLINDRURIA, AND HEMATURIA HAVE BEEN REPORTED 
Other changes occurring in less than 0.1% of courses were Elevation of serum gammaglutamy| transferase. 
elevation of serura amylase, reduction in blood glucose, elevated uric acid, decrease in hemoglobin, anemia, 
bleeding diathesis. increase in blood monocytes, and leukocytosis 
OVERDOSAGE 
Information on overdosage in humans is not available. In the event of acute overdosage, the stomach should be 
emptied by inducmg vomiting or by gastric lavage The patient should be carefully observed and given suppor tive 
treatment. Adequate hydration must be maintained. Only a small amount of ciprofloxacin (<10%) is removed from 
the body after herodialysis or peritoneal dialysis 
DOSAGE AND ADMINISTRATION n 
The usual adult @sage for patients with urinary tract infections IS 250 mg every 12 hours. For patients with 
complicated infec“ons caused dy organisms not highly susceptible, 500 mg may be administered every 12 hours 
Lower respiratery tract infections, skin and skin structure infections, and bone and joint infections may be treated 
with 500 mg ever~ 12 hours. For more severe or complicated infections, a dosage of 750 mg may be given every 12 
hours 
The recommensied dosage for infectious diarrhea is 500 mg every 12 hours 
In patients with-renal impairment, some modification of dosage is recommended (SEE DOSAGE AND ADMINIS- 
TRATION SECTIO4 IN FULL PRESCRIBING INFORMATION) 
HOW SUPPLIED 
Cipro® (ciprofloxacin HCI/Miles) is available as tablets of 250 mg, 500 mg, and 750 mg in bottles of 50, and in Unit- 
Dose packages of100 (SEE FULL PRESCRIBING INFORMATION FOR COMPLETE DESCRIPTION) 





References: 1 Data on file, Miles Inc Pharmaceutical Division. 2. Barry AL, Jones RN, Thornsberry C, et al 
Antibacterial activities of ciprofloxacin, norfloxacin, oxolinic acid, cinoxacin, and nalidixic acid. Antimicrob Agents 
Chemother. 1988-25 633-637 3. Guimaraes MA, Noone P. The comparative in-vitro activity of norfloxacin 
ciprofloxacin, encxacin and nalidixic acid against 423 strains of gram-negative rods and staphylococci isolated from 
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e Enteral nutritional support has been found to result in better 
maintenance of mucosal integrity during stress than parenterally 
administered nutritional support. In our experiments, we em- 
ployed in vivo microvascular techniques to examine the effect of 
mucosally applied glucose on intestinal microvascular blood 
flow during hyperdynamic live Escherichia coll bacteremia in the 
rat. We observed a significant decrease in intestinal microvascu- 
lar blood flow during bacteremia when the mucosa was suffused 
with a ‘nonglucose solution. Blood flow was rapidly restored to 
above-baseline values after glucose was added. The restoration 
of blood flow resulied from dilation of arterioles at all branch 
orders and was asseciated with dilation of premucosal arterioles 
to above-baseline diameters. Our results show that glucose- 
induced absorptive hyperemia restores intestinal blood flow dur- 
ing live E coli bacteremia. Restoration of intestinal microvascular 
blood flow may be contributing factor to the improved mainte- 
nance of mucosal integrity associated with enteral feeding. 
(Arch Surg. 1990;?25:1573-1576) 


The neural, hormonal, and inflammatory responses that 
accompany severe stress decrease intestinal blood flow, 
leading to mucosal ischemic damage, loss of mucosal barrier 
_ function, and translocation of bacteria and bacterial prod- 
~uets," This sequeace of events could account for the high 
incidence of persistent sepsis and multisystem organ failure 
that follows many traumatic injuries.‘° Enterally adminis- 
tered nutritional sapport prevents mucosal weight loss, in- 
creases epithelial proliferation, and improves the mainte- 
nance of gut mucosal integrity."’ These benefits are not 
generally achieved with parenteral nutrition.*” Several in- 
vestigators have suggested that this trophic benefit of intra- 
luminally supplied nutrients on the gut mucosa is derived 
from the improved supply of absorbed nutrients to the muco- 
sal epithelium or ftom the release of trophic hormones." In 
contrast. this trophic benefit could reflect an improved muco- 
sal blood flow from hyperemia induced by the transmucosal 
absorption of intraluminal nutrients.” 

: We tested the feasibility of the latter possibility by deter- 
mining if a mucosally applied nutrient (glucose) could induce a 
hyperemia that would overcome the perfusion deficit in the 
intestinal microcirculation that occurs during bacteremia. 
Our results indicate that mucosal exposure to glucose re- 
stores intestinal microvascular blood flow to above-baseline 
levels during sepsis. i 
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Blood Flow During Escherichia coli Sepsis 


é 


John R. Gosche, MD; R. Neal Garrison, MD; Patriek D. Harris, PhD; H. Gill Cryer, MD, PhD 


MATERIALS AND METHODS 


Male Sprague-Dawley rats, weighing between 160 and 200 g, were 
acclimated in an American Association for Accreditation of Laborato- 
ry Animal Care-approved animal care facility and were maintained 
on standard rat food (15 g/d, Purina Mills Inc, Louisville, Ky) and 
water as desired for at least 2 weeks. Food, but not water, was 
withdrawn at least 12 hours before each microcirculation experiment. 
Animals were anesthetized initially with intraperitoneal urethane 
(800 mg/kg) and chloralose (60 mg/kg) and were administered one 
fourth of the initial anesthetic dose at approximately 1-hour intervals. 
During the surgical preparation and subsequent experiments, rectal 
temperature was maintained at 37°C + 0.5°C using a back heater and 
radiant heat source. 

A tracheostomy tube was placed for airway control, and the ani- 
mals were allowed to breathe spontaneously. The right jugular vein 
was cannulated, and a tissue thermistor (Model 511, Yellow Springs 
[Ohio] Instrument Co) was introduced via the right carotid artery for 
measurement of cardiac output by transpulmonary thermodilution. 
The left femoral artery was cannulated for monitoring blood pres- 
sure. We modified the previously described’ preparation of the small 
intestine for in vivo videomicroscopy. A 2- to 3-cm segment of ileum 
was exposed through a vertical abdominal incision and was opened 
along its antimesenteric border by electrocautery. The opened intes- 
tinal loop, with intact neurovascular connections, was suspended 
over the optical window in a tissue bath that we modified to allow 
separate suffusion of the serosal and mucosal surfaces (Fig 1). The 
exposed intestinal. segment was maintained at 36°C +2°C using a 
radiant heat source and feedback control system. 

The suffusate was a modified Krebs solution that contained 6.92 
g/L of sodium chloride, 0.44 g/L of potassium chloride, 0.37 g/L of 
calcium chloride, and 2.1 g/L of sodium bicarbonate. The suffusion 
solution was heated to maintain temperature at 37°C T°C and bub- 
bled with a mixture of carbon dioxide and nitrogen to maintain pH at 
7.40+0,05. A low concentration of isoproterenol hydrochloride 
(1 x 10° g/mL) was added to all suffusion solutions to quiet peristalsis 
and assist recording of microvessel diameters and centerline red 
blood cell velocities. The addition of isoproterenol in concentrations 
as much as 1000 times that used in this study are reported to have no 
effect on microvessel diameters or vasoreactivity.” During some 
protocols, 1 mL of a 5% concentration of dextrose in water was added 
to 99 mL of the Krebs solution to give a final dextrose concentration of 
1 g/L in the suffusate to the mucosal surface. This glucose Krebs 
solution was isotonic, which avoided the hyperemic effects of hyper- 
tonie solutions.” 

Fourteen animals were divided into three groups. After the surgi- 
cal preparation, the animals were transferred to the microscope stage 
and allowed at least 30 minutes for blood pressure and tissue condi- 
tions to stabilize. Two baseline measurements of cardiac output, 
mean arterial pressure, heart rate, microvessel diameters, and red 
blood cell velocity in the A1 arteriole were recorded. Group 1 (n=5) 
received 1 mL of intravenous saline (vehicle) and was observed at 10- 
minute intervals for 60 minutes (period 1), while the serosal and 
mucosal surfaces of the exposed intestinal segment were suffused 
with a nonglucose Krebs solution, Glucose was then added to the 
Krebs solution, suffasing the mucosal surface, while observations 
continued for an additional 60 minutes (period 2). Group 2 (n=4) 
received 1 mL of the bacterial suspension intravenously and was 
observed at 10-minute intervals for 120 minutes (periods 1 and 2), 
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Fig 1.—The tissue board was modified by placing a plastic ring outside 
the optical window, allowing separate suffusion of the mucosal and 
serosal surfaces. A indicates suction port; B, mucosal suffusate; and 
C, serosal suffusate. 


while the serosal and mucosal surfaces were suffused with the nonglu- 
cose Krebs solution. Group 3 (n= 5) was treated the same as group 2 
during period 1. Glucose was then added to the Krebs solution suffus- 
ing the mucosal surface, and observations were continued during 
period 2. 

A hospital-acquired pathogenic strain of Escherichia coli bacteria 
was grown in tryptose-soy broth to obtain a stationary growth-phase 
culture. The bacteria were then centrifuged and washed twice with 
sterile saline. Serial dilutions were performed in saline to give a final 
bacterial concentration of 1 x 10”/L E coli as determined by spectro- 
photometric density at 550 nm. Bacterial concentrations of the final 
dilution were confirmed by quantitative cultures. 

Transpulmonary thermodilution cardiac output was determined as 
described by Cooper et al.” Room temperature saline (40 pL) was 
injected via the right jugular venous catheter, and time-temperature 
curves were generated via a thermistor positioned in the aortic root. 
Cardiac output was calculated from the area under the time-tempera- 
ture curve. Three separate determinations were averaged to give 
cardiac output at each time point. 

Centerline red blood cell velocity was measured in the first-order 


arteriole via an in-line optical Doppler velocimeter (Microvascular 


“ Research Institute, Texas A&M University, College Station). This 
"dual slit technique allows accurate, serial measurements of red blood 


~~ cell velocities at different microvascular levels without altering or 


disrupting flow within the microcirculation. Blood flow through the 
first-order arteriole was calculated by the following formula: 


(K)(average cross-sectional velocity)()(A1 radius)” 


Average cross-sectional velocity was calculated as the centerline 
velocity divided by 1.6.” The constant K represents 6 x 10° and was 
used to convert flow into microliters per minute. 

. The intestinal microvasculature was observed via a trinocular 
-microscope, and television images were recorded on videotape for 
later measurement of intraluminal diameters. First- through fourth- 
order arterioles, distal third-order premucosal arterioles, and first- 
and second-order venules” were recorded at 10-minute intervals. 
Intraluminal vessel diameters were measured in triplicate from a 
videotape replay on a television monitor. Microvessel diameters were 
obtained by multiplying the monitor measurements by a magnifica- 
tion factor (6.65 x 10°) that had previously been determined through 
calibration of the microscope-television system by a microscope- 
stage micrometer. 

Blood flow and baseline microvessel diameters were variable 
among animals depending on the amount of tissue being perfused. To 
minimize the effect of this variability on subsequent data analysis, 
changes in vessel diameter and blood flow were normalized to base- 
line values and were expressed as a percentage of baseline values in 
each animal. Significant changes from baseline values within groups 
were determined by Dunnett’s test after repeated-measures analysis 
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Group 1 Group 2 Group 3 
Varisble* (n=5) (n=4) (n=5) 
MAP, mm Hg 99+7 103+5 100+5 
CO, mL/min 81 +6 79+8 78+9 
A1 Flow. L/min 4441 12+2 11+2 
A1 Diameter, pm 89+9 8524 8545 
Proxima A3, pm 2542 2141 2142 
Distal AZ, pm 16+ .09f 1320.4 1320.4 
A4 Diarreter, pm 12+1 12+1 1341 
V1 Diameter, pm 201+21 189+11 215+16 
V2 Diameter, pm 145+18 13444 170+21 


*MAP indicates mean arterial pressure, and CO, cardiac output. 
+P<.05 from groups 2 and 3 by analysis of variance and Tukey's Honestly 
Significant Difference. 


of variance (ANOVA) (non-normalized values). Group differences 
were determined on the normalized data by Tukey's Honestly Signifi- 
cant Difference after one-way ANOVA for unpaired observations. 
Differences were considered significant at P=.05. All values are 
expressed as group means + SEMs. 


RESULTS 


Experimental conditions (ie, rectal temperature, tissue 
temperature, suffusate temperature, and pH) were compara- 
ble among the three groups. Baseline values for mean arterial 
pressure, cardiac output, intestinal first-order blood flow, 
and microvessel diameters were comparable among the three 
groups, with one exception (Table). The baseline diameters 
for the distal third-order arterioles were slightly greater in 
group 1 (nonseptic) than in group 2 (nonglucose septic) and 
group 3 (glucose-treated septic). Mean arterial pressure was 
significantly greater in group 2 than in the other two groups at 
the end of period 1 and at the beginning of period 2 (Fig 2). 
Cardiac output differences were not statistically significant 
between groups. Group analysis revealed significant (P<.05) 
increases in cardiac output in groups 2 and 3 at the end of 
period 1, while no statistically significant changes were ob- 
served in group 1. 

Intestinal blood flow (Fig 3) did not change significantly 
during period 1 in group 1. Blood flow significantly decreased 
at the endof period 1 in groups 2 and 3 and continued to decline 
during period 2 in group 2. Blood flow in group 3 increased to 
baseline levels within 20 minutes after the mucosa was ex- 
posed to glucose. There were no significant differences in 
first-order blood flow between groups 1 and 3 at the end of 
period 2, but both of these glucose groups had significantly 
greater first-order intestinal flows than the group 2 animals. 
Arteriolar diameter differences (Fig 4) were statistically sig- 
nificant between groups 1 and 2 for the first-order arterioles 
at the end of period 1. Statistically significant differences 
between group 2 and the other two groups were observed at 
all artericiar levels at the end of period 2. In contrast, there 
were no differences between groups 1 and 3 during period 2. 


COMMENT 


Controversy continues regarding the relative benefits of 
enteral vs parenteral alimentation. In addition to economic 
considerations and ease of application, nutritional support by 
the enteral route appears to have other important physiologic 
benefits. Enteral alimentation maintains epithelial cell prolif- 
eration and mucosal integrity better than parenteral nutri- 
tional support.®’ This benefit might be of particular impor- 
tance because of the increasing evidence that the gut could be 
an important source of persistent sepsis" resulting from the 
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Fig 2.—Changes ir mean arterial pressure and cardiac output over 
time for the three treatment groups. Triangles represent group 1 
(saline/glucose); solid circles, group 2 (Escherichia coli/no glucose); 
open circles, group 3 {E coli/glucose); asterisk, P<.05 for group 1 vs 
group 2; and dagger, P<.05 for group 2 vs group 3 by analysis of 
variance with Tukey Honestly Significant Difference. 


loss of mucosal barrier function due to mucosal ischemia 


during severe stress. 

The mechanism by which enterally supplied nutrition main- 
tains mucosal integrity remains unknown. Improved delivery 
of energy to the epithelial cells of the gut has been proposed,” 
but intraluminal nutrients also cause release of gastrointesti- 
nal peptide hormones (ie, glucagon and gastrin) that have 
trophic effects on the intestinal mucosa."*” Our data suggest 
that improved maintenance of mucosal integrity during shock 
could result froma direct hyperemic response to intraluminal 
nutrients that restores intestinal microvascular blood flow to 
normal levels. 

_ Clearly, factors other than the direct hyperemic effect of 
intraluminal nutrients influence intestinal blood flow during 
feeding under normal conditions.” However, under the condi- 


-tions of our experiments, systemic influences (ie, release of 


gastrointestinal 4ormones) probably had little effect, since 
the concentration of glucose and the area of intestine exposed 
to glucose were small. Thus, the hyperemic effects that we 
observed were most likely a result of local vasoactive mecha- 
nisms that occurred at the microvascular level. From this 
viewpoint, one might expect an even greater increase in 
overall intestinal blood flow when gut hormonal responses are 
activated in additior: to these local vasoactive mechanisms. 
The hyperemie effect of glucose absorption was associated 
with a generalized dilation of arterioles at all levels in our 
study. These results are similar to those of Bohlen,” who 
reported a generalized vasodilator response to glucose. Chou 
et.al,” however, noted only a localized increase in blood flow to 
the mucosa when a predigested meal was placed in the gut 
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Fig 3.—Changes in blood flow through the first-order (A1) arteriole 
over time (expressed as percentage of baseline flow) for the three 
treatment groups. Triangles represent group 1 (saline/glucose); solid 
circles, group 2 (Escherichia coli/no glucose); open circles, group 3 {E 
coli/giucose; asterisk, P<.05 for group 1 vs group 2; dagger, P<.05 for 
group 2 vs group 3; and double dagger, P<.05 for group 1 vs group. 3 
by analysis of variance with Tukey Honestly Significant Difference. 


lumen. The reason for the differences in blood flow responses a 
among these studies probably relates to differences in experi- 


mental design. The conditions of our study were similar to 
those of the study by Bohlen, but the study by Chou et alused 
a different species and a different means to induce hyperemia 
(ie, bolus of a predigested meal). Thus, it is likely that the 
selective hyperemia observed by Chou et al was the result of 
the combined effect of a direct absorptive hyperemia and of 
the release of gut vasoactive hormones and intestinal neural 
reflexes. Siregar and Chou” have shown that meals contain- 
ing a high fat content cause greater increases in intestinal < 
blood flow than high-carbohydrate meals, while complex solu- 
tions containing protein, carbohydrate, and fat induce larger 
hyperemic responses than solutions containing equivalent, 





amounts of any individual constituent. Collectively, these a 


studies suggest the possibility that feeding ofa more complex... 
foodstuff might result in a larger increase in blood flow and 


more selective redistribution of blood flow toward the mucosa : 


during sepsis than was observed in our study. This hypothe- 
sis, however, remains to be tested. 
Clearly, one must question whether the restoration of in- 


testinal blood flow in our study was adequate to prevent ` | 


mucosal ischemia, since nutrient absorption increases muco- 
sal energy expenditure and oxygen requirements. Our re- 
sults show that intestinal microvasculature blood flow in- 
creased in the septic animals to above-baseline levels. 
Furthermore, intestinal blood flow was increased to levels 
that were similar to those observed in nonseptic animals. 
These data, along with the fact that intestinal oxygen extrac- 
tion is low under normal conditions, lead us to believe that the 
restoration of blood flow that we observed probably reduced 
the level of mucosal hypoxia during sepsis. However, since 
oxygen delivery might be altered and intestinal oxygen re- 
quirements might be increased during sepsis,”” more experi- 
ments are required to confirm or refute our speculation. 

In conclusion, our results show that the hyperemia induced 
by direct application of glucose to the mucosal surface of the 
small intestine is able to overcome the flow-restrictive effect 
of live E coli bacteremia. Restoration of blood flow appears to 
have been the result of a reversal in arteriolar vasoconstric- 
tion that occurs at multiple levels in the intestinal microcircu- 
lation during hyperdynamic sepsis. We suggest that this 
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Fig 4.—Changes in diameters of first-order (top left), proximal third-order (bottom left), distal third-order (top right) to 
mucosal tissue and fourth-order (bottom right) to the serosal tissue arterioles (expressed as percentage of baseline 
diameters) over time for the three treatment groups. Triangles represent group 1 (saline/glucose); solid circles, group 2 
(Escherichia coli/no glucose); open circles, group 3 (E coli/glucose); asterisk P<.05 for group 1 vs group 2; dagger, P<.05 
for group 2 vs group 3; and double dagger, P<.05 for group 1 vs group 3 by analysis of variance with Tukey Honestly 


Significant Difference. 


direct hyperemic effect of transmucosal absorption of nutri- 

‘ents on the intestinal microvasculature is one factor that 
-accounts for the improved maintenance of mucosal integrity 
associated with enteral alimentation. 


This study was supported in part by Veterans Administration Merit Review 
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AZACTAM® FOR INJECTION 
Aztreonam For injection 


DESCRIPTION--AZACTAM (aztreonam, Squibb) is the first member of a new class 
of antibiotics classified as monobactams. AZACTAM is a totally synthetic bacteri- 
cidal antibiotic with activity against a wide spectrum of gram-negative aerobic 
pathogens. The monobactams, having a unique monocyclic beta-lactam nucleus, 
are structurally different from other beta-lactam antibiotics. 

AZACTAM For Injection is a sterile, nonpyrogenic, sodium-free, white to 
yellowish-white lyophilized cake, containing approximately 780 mg arginine per 
gram of aztreonam for intramuscular or intravenous use following constitution. 
Aqueous solutions of the product have a pH in the range of 4.5-7.5. 


INDICATIONS AND USAGE— Before initiating treatment with AZACTAM, appropri- 
ate specimens should be obtained for isolation of the causative organism(s) and 
for determination of susceptibility to aztreonam. Treatment with AZACTAM may be 
started empirically before results of the susceptibility testing are available; sub- 
sequently, appropriate antibiotic therapy should be continued. 

AZACTAM For Injection is indicated for the treatment of the following infections 
caused by susceptible gram-negative microorganisms: Urinary Tract Infections 
(complicated and uncomplicated), including pyelonephritis and cystitis (initial 
and recurrent) caused by Escherichia coli, Klebsiella pneumoniae, Proteus mirabilis, 
Pseudomonas aeruginosa, Enterobacter cloacae, Kiebsiella oxytoca’, Citrobacter 
species* and Serratia marcescens*. Lower Respiratory Tract infections, includ- 
ing pneumonia and bronchitis caused by Escherichia coli, Klebsiella pneumoniae, 
Pseudomonas aeruginosa, Haemophilus influenzae, Proteus mirabilis, Enterobacter 
species and Serratia marcescens*. Septicemia caused by Escherichia coli, 
Klebsiella pneumoniae, Pseudomonas aeruginosa, Proteus mirabilis*, Serratia 
marcescens* and Enterobacter species. Skin and Skin-Structure infections, 
including those associated with postoperative wounds, ulcers and burns caused 
by Escherichia coli, Proteus mirabilis, Serratia marcescens, Enterobacter species, 
Pseudomonas aeruginosa, Klebsiella pneumoniae, and Citrobacter species". intra- 
abdominal Infections, including peritonitis caused by Escherichia coli, Klebsiella 
species, including K. pneumoniae, Enterobacter species including E. cloacae’, 
Pseudomonas aeruginosa, Citrobacter species" including C. freundii* and Serratia 
species* including S. marcescens*. Gynecologic Infections, including endome- 
tritis and pelvic cellulitis caused by Escherichia coli, Klebsiella pneumoniae’, 
Enterobacter species" including E. cloacae", and Proteus mirabilis*. 

AZACTAM is indicated for adjunctive therapy to surgery in the management of 
infections caused by susceptible organisms, including abscesses, infections com- 
plicating hollow viscus perforations, cutaneous infections and infections of se- 
rous surfaces. AZACTAM is effective against most of the commonly encountered 
gram-negative aerobic pathogens seen in general surgery. 

Concurrent Therapy—Concurrent initial therapy with other antimicrobial agents 
and AZACTAM is recommended before the causative organism(s) is known in 
seriously ill patients who are also at risk of having an infection due to gram- 
positive aerobic pathogens. If anaerobic organisms are also suspected, therapy 
should be initiated using an antianaerobic agent concurrently with AZACTAM. 
Certain antibiotics (e.g., cefoxitin, imipenem) may induce high levels of beta- 
lactamase in vitro in some gram-negative aerobes such as Enterobacter and Pseu- 
domonas species, resulting in antagonism to many beta-lactam antibiotics 
including aztreonam. These in vitro findings suggest that such beta-lactamase 
inducing antibiotics not be used concurrently with aztreonam. Following identifi- 
-Cation and susceptibility testing, appropriate antibiotic therapy should be 
continued. 
CONTRAINDICATION—Aztreonam is contraindicated in patients with known al- 
> ergy to this antibiotic. 
WARNINGS —Careful inquiry should be made for a history of hypersensitivity re- 
action to any antibiotic or other drugs. Antibiotics should be given with caution to 
any patient who has had some form of allergy, particularly to drugs. It is 
recommended that patients who have had immediate hypersensitivity reactions 
{e.g., anaphylactic or urticarial) to penicillins and/or cephalosporins should be 
followed with special care. If an allergic reaction to aztreonam occurs, discon- 
tinue the drug and institute supportive treatment as appropriate (e.g., mainte- 
nance of ventilation, pressor amines, antihistamines, corticosteroids). Serious 
hypersensitivity reactions may require epinephrine and other emergency 
measures. 
PRECAUTIONS-General: In patients with impaired hepatic or renal function, ap- 
propriate monitoring is recommended during therapy. If an aminoglycoside is 
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used concu-rently with aztreonam, especially if high dosages of the former are 
used or if therapy is prolonged, renal function should be monitored because of 
the potentia nephrotoxicity and ototoxicity of aminoglycoside antibiotics. The 
use of antibbtics may promote the overgrowth of nonsusceptible organisms, in- 
cluding grara-positive organisms and fungi. Should superinfection occur during 
therapy, appropriate measures should be taken. 


Carcinogenasis, Mutagenesis, impairment of Fertility—Carcinogenicity studies 
in animals have not been performed. Genetic toxicology studies performed in vivo 
and in vitro with aztreonam in several standard laboratory models revealed no 
evidence of mutagenic potential at the chromosomal or gene level. Two-generation 
reproductien studies in rats at daily doses up to 20 times the maximum 
recommended human dose, prior to and during gestation and lactation, revealed 
no evidencecof impaired fertility. There was a slightly reduced survival rate during 
the lactatior period in the offspring of rats that received the highest dosage, but 
not in offspring of rats that received five times the maximum recommended hu- 
man dose. 


Pregnancy—Pregnancy Category B: Aztreonam crosses the placenta and enters 
the fetal circulation. Studies in pregnant rats and rabbits, with daily doses up to 15 
and 5 times. respectively, the maximum recommended human dose, revealed no 
evidence ofembryo- or fetotoxicity or teratogenicity. No drug induced changes 
were seen ir any of the maternal, fetal or neonatal parameters that were monitored 
in rats receiving 15 times the maximum recommended human dose of aztreonam 
during tate gestation and lactation. There are no adequate and well-controlled 
studies in pregnant women. Because animal reproduction studies are not always 
predictive o human response, aztreonam should be used during pregnancy only 
if clearly nezded. 


Nursing Mcthers—Aztreonam is excreted in breast milk in concentrations that 
are less thas 1% of concentrations determined in simultaneously obtained mater- 
nal serum; consideration should be given to temporary discontinuation of nursing 
and use of formula feedings. 


Pediatric Use—Safety and effectiveness have not been established in infants and 
children. 


ADVERSE REACTIONS—Local reactions such as phlebitis/thrombophiebitis fol- 
lowing IV acministration, and discomfort/swelling at the injection site following IM 
administration occurred at rates of approximately 1.9% and 2.4%, respectively. Sys- 
temic reactons (considered to be related to therapy or of uncertain etiology) oc- 
curring at as incidence of 1 to 1.3% include diarrhea, nausea and/or vomiting, and 
rash. Reactions occurring at an incidence of less than 1% are listed within each 
body system in order of decreasing severity: Hypersensitivity-~anaphy'axis. 
Hematologf:—pancytopenia, neutropenia, thrombocytopenia, anemia, leukocyto- 
sis, thrombecytosis. Gastrointestinal— abdominal cramps; rare cases of C. difficile- 
associateddiarrhea, including pseudomembranous colitis, or gastrointestinal 
bleeding heve been reported. Dermatologic—purpura, erythema multiforme, urti- 
caria, exfoliative dermatitis, petechiae, pruritus, diaphoresis. Cardiovascular—hypo- 
tension, traasient ECG changes (ventricular bigeminy and PVC). Respiratory—one 
patient experienced flushing, chest pain, and dyspnea. Hepatobiliary~hepatitis, 
jaundice. Nervous System—seizure, confusion, vertigo, paresthesia, insomnia, diz- 
ziness. Musculoskefetai—~muscular aches. Special Senses—tinnitus, diplopia, 
mouth ulcer, altered taste, numb tongue, sneezing and nasal congestion, halito- 
sis. Other—-waginal candidiasis, vaginitis, breast tenderness. Body as a Whole— 
weakness, readache, fever, malaise. 


Adverse Laboratory Changes—Those reported without regard to drug relation- 
ship durinc¢ clinical trials were: Hepatic~—elevations of AST (SGOT), ALT (SGPT), 
and alkaline phosphatase; signs or syrnptoms of hepatobiliary dysfunction oc- 
curred in less than 1% of recipients (see above). Hemic—increases in prothrom- 
bin and partial thromboplastin times, eosinophilia, positive Coombs test. 
Renai~incseases in serum creatinine. 


OVERDOSAGE—if necessary, aztreonam may be cleared from the serum by 
hemodialysis and/or peritoneal dialysis. 


DOSAGE AND ADMINISTRATION—Dosage adjustments are recommended for 
patients wih impaired renal function. In elderly patients, estimates of creatinine 
clearance should be obtained and appropriate dosage modifications made if 
necessary 
HOW SUPPLIED—AZACTAM For Injection (Aztreonam For Injection)--Lyophilized— 
is suppliec in single-dose 15 mL vials containing 500 mg, or 1 g/vial; in single- 
dose 30 æL viais containing 2 g/vial; and in single-dose 100 mL intravenous 
infusion bcttles containing 500 mg or 1 g or 2 g/bottle. 
Consult package insert before prescribing AZACTAM (aztreonam). 
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Venous Hemodynamics in a Chronic Venous 


Valvular Insufficiency Model 


Stephen G. Lalka, MD; Joseph L. Unthank, PhD; Michael C. Dalsing, MD; Dolores F. Cikrit, MD; Alan P. Sawchuk, MD 


e To develop a large-animal model of chronic venous valve 
Incompetence, 13 greyhound dogs underwent unilateral hind- 
limb venous valve lysis with a vaive cutter apparatus pulled 
retrograde through the iliac, femoral, and lateral saphenous 
veins. Bilateral venous pressures in the lateral saphenous vein 
were recorded before valve lysis, immediately after valve lysis, 
and at intervals from 1 to 14 weeks after valve lysis, with the dogs 
in the supine position and elevated 80° semierect, as well as after 
stimulated hindlimb muscle contraction to empty the hindlimb 

- veins. Passive venous filling time with elevation and 90% venous 

-refilling time after muscle contraction were calculated. From 

; Immediately after through 14 weeks after valve lysis, a shortened 
venous filling time and 90% venous refilling time as well as an 
elevated poststimulation venous pressure were noted. This 
valve lysis method successfully produced a hemodynamically 
veritied model of venous valvular insufficiency. 

(Arch Surg. 1990;125:1579-1583) 


ecause of the debilitating nature of venous valvular insuf- 

ficiency and its effect on a relatively young, otherwise 
healthy population, deep venous reconstructive surgery has 
recently been the focus of major research.’ Transplantation of 
autogenous valve-bearing segments and the development of 
synthetic or biologic valve prostheses appear to be areas of 
particular investigative promise. However, one impediment 
to venous surgical research has been the absence of laborato- 
ry models that would ailow controlled study of deep venous 
insufficiency and its surgical management.” Another problem 
has been the lack of objective physiologic data to support the 
application of various venous reconstructive techniques.’ 

The current study was designed to develop a stable, repro- 
ducible large-animal model of chronic venous valvular insuffi- 
ciency. The efficacy of the model was hemodynamically as- 
sessed by serial venous pressure measurements. 
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MATERIALS AND METHODS 
Thirteen adult greyhound dogs weighing 28 to 34 kg were sedated 


with intravenous xylazine hydrochloride (1 mg/kg), were anesthe- . a 
tized with intravenous pentobarbital sodium (30 mg/kg), and under- = 


went ventilation with a volume-controlled ventilator via endotracheal 
intubation. All dogs received aspirin (825 mg orally) one day preoper- 
atively and then daily during the postoperative period until they were 
killed. Cefazolin sodium (500 mg) was infused preoperatively and 
then injected intramuscularly for three additional doses during the == 





first 30 hours postoperatively. Bilateral baseline venous pressure i 


data (see below) were recorded on a chart recorder (Model 3200, 
Gould, Inc, Cleveland, Ohio) via pressure transducers connected to 
lateral saphenous vein catheters inserted just cephalad to the paw. 


Valve Lysis 


Once baseline data were obtained, the left saphenous vein catheter 
was removed and the left hindlimb was prepared and draped in a 
sterile fashion. At the percutaneous catheter entry site, a l-cm 
transverse incision was made to expose the left lateral saphenous 
vein, which was encircled proximally with a No. 3-0 silk tie and ligated 
caudally. After the systemic administration of heparin sodium (150 
U/kg), the previous percutaneous venotomy was enlarged with Potts 
scissors, and a modified retrograde valve cutter (Leather Valve 
Cutter, Baxter-V. Mueller, Chicago, Tl) was passed cephalad into 
the deep venous system to the level of the inferior vena cava. This 
valve lysis apparatus (Fig 1) consisted of a Silastic 3F thromboendar- 
terectomy catheter with the balloon. tip excised and 1 em of the 
Silastic coating stripped off the underlying threaded wire. A drop of 
cyanoacrylate was placed on the wire before screwing on a 2-mm 


Leather valve cutter; this was held with firm pressure for 2 minutes 


to cement the cutter to the wire. The valve cutter is.a detachable 
polystyrene device that is essentially two valvulotomes with their 
blades oriented at 180° to each other (Fig 1). 

To distend the valve cusps and promote valve lysis, the operating 
table was tilted to place the dog in the 80° semierect position. A 
Valsalva maneuver was simulated by attaching a manual resuscitator 
to the endotracheal tube and compressing and holding the manual 
resuscitator in this position to prevent exhalation during the brief 
period of valve lysis. The valve cutter was then pulled caudad through 
the iliac, femoral, and lateral saphenous veins with a firm, continu- 
ous, rapid motion. Five to eight valves usually were encountered (Fig 
2). The cutter occasionally met excessive resistance, indicating a 
branch point; this was managed by pushing the cutter cephalad, 
rotating it 45°, and then pulling it down through the remaining valve 
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Fig 1.— Venous valve lysis with modified Leather valve cutter appara- 
tus (Baxter-V. Mueller, Chicago, Iti). 


cusps. To achieve adequate. ventilation, to lessen bleeding, and to 
ensure distention of any remaining competent valve cusps, the cutter 
was pulled through the vein in three sets of two passes each, with 
_aeturn of the table to the horizontal position for 1 to 2 minutes 
_ between each set of passes: If the venous pressure waveforms were 
_ inconsistent with valve incompetence (as defined below), additional 
sets of passes were made. Another cannula was then introduced 
through the lateral saphenous venotomy, through which lysis was 
_ performed, and connected to the pressure transducer to repeat the 
hemodynamic measurements; the right (control) hindlimb data were 
recorded via the same lateral saphenous vein catheter used for the 
_ baseline data. After data collection, the catheters were removed, the 
_. left saphenous vein was ligated cephalad to the venotomy, the incision 
was closed with interrupted monofilament sutures, and the dog was 
-z awakened. 


Hemodynamic Data 


i Bilateral hindlimb venous pressures were recorded with the dog in 
=: the supine position (P,,, Fig 8a) and then during rapid elevation to the 
80° semierect position (Pa, Fig 3b). This caused a rise in venous 
<- pressure until a plateau was reached, indicating a full hindlimb ve- 
hous capacitance. The time that elapsed between the table tilt and the 
pressure plateau was recorded as the passive venous filling time 
=- (VET). To empty the hindlimb venous system, vigorous hindlimb 
-muscle contraction was induced with use ofa peripheral nerve stimu- 
_ > lator (Grass, Ine, Quincy, Mass) with 10 one-per-second applications 
of a 50-Hz, 100-V, 200-millisecond stimulus via electrodes inserted in 
: ` the gracilis and biceps femoris muscles of the thigh. The 80° semierect 
| resting pressure before stimulus (P,) and the poststimulation mean 
_ asymptotic steady-state pressure (P.) were used to determine the 
< -= 90% venous refilling time (VRT,,), defined as the time required for 
the venous pressure to return from its nadir at P. to 90% of the 
prestimulus semierect resting pressure calculated from the following 
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Fig 2.—D:agram of valve lysis procedure. Usually five to eight valves 
are encountered in the iliac, femoral, and lateral saphenous veins. 


formula: #.9(P, —P.) +P. (Fig 8c).’ These venous pressure measure- 
ments, wth the dog in the supine position, in the upright position, and 
after hindlimb muscle contraction in the upright position, simulate 
clinical arbulatory venous pressure changes.” 

These bilateral venous pressure data were recorded at baseline 
before lysis (T1), 5 minutes after valve lysis (T2), and at 1 to 2 weeks 
(T3), 3 to 5 weeks (T4), and 9 to 14 weeks (T5) after venous valve lysis. 
To recorc the serial venous pressure data at the three chronic postly- 
sis intervals, the dogs were again sedated and anesthetized as de- 
scribed apove. 

In the development of this model, a number of pilot animals were 
used to test various techniques for the creation of valve incompe- 
tence. A retrograde perfusion system for the Leather valve cutter 
was empoyed (identical to its arterial application for in situ bypass 
grafts) tut was too cumbersome to pass through the valved side 
branches of the canine iliac or common femoral veins. Rigid metal 
valvulotemes, such as the 2, 0-mm and 2.5-mm Hall (Solco-Basle, Inc, 
Rocklane, Mass) and the 2.0-mm and 3.0-mm LeMaitre (Vascutech, 
Andover: Mass), were tested, but the former consistently caught on 
branch points and lacerated the vein and the latter were unable to 
render valves incompetent. We also tested the 3.0-mm Leather valve 
cutter, kut this was too large to pass easily through the lateral 
saphenous vein and only inconsistently caused valve incompetence 
(one of the 13 dogs described herein had the 3.0-mm cutter unsuccess- 
fully passed before the successful use of the 2.0-mm cutter). In two 
dogs (also described in this study), ligation of the medial saphenous 
vein and the popliteal vein (which is a diminutive vessel in the dog) 
was added to augment the venous insufficiency caused by the 2-mm 
Leather-valve cutter; however, compared with valve lysis alone, this 
resultediin no enhancement of venous insufficiency over time. 


Venographic and Pathologic Analysis 


In sixzlogs, descending venograms were obtained with the dogs in 
the 80° semierect position. An injection. of 50 mL at 10 mL/s of 
diatrizozte meglumine (Hypaque 60, Winthrop, New York, NY) was 


Venous Valvular Insufficiency —Laika et.al 


















Fig 3.—Schematic representation of a 
typical pressure. recording. Diagram 
shows supine position at rest (a), venous 
filling with elevation {b}, and muscle stimu- 
lation to empty hindlimb veins (c). P,,, indi- 
cates supine pressure; Pa, elevation 
pressure; VFT, venous filling time; P, 
prestimulus pressure; P., poststimulation 
venous pressure; /RT,,, 90% venous re- 
filling time; and NS, nerve stimulator. 
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administered via a catheter passed percutaneously through the ex- 
ternal jugular vein and pesitioned in the external iliac vein on the left 
side. In three of these dogs, a descending venogram of the right 
(control) hindlimb was similarly obtained. 

In eight dogs (including the six with venograms), at the time of 
killing, the competeacy of the midsuperficial femoral vein valve 
(below entry of the profunda femoral vein) was determined by use of 
the manual strip test.” 


Statistical Analysis 


The mean and SEM were computed for the two sets (left experi- 
mental valve lysis limb and right control limb) of six measured 
hemodynamic variabies: supine pressure (P,,), elevation pressure 
(Pirn) VET, P, P., and VRT,, at the five time intervals measured (T1 
through T5). Three-way analysis of variance with repeated measures 


(dog, treatment, and time) was used to determine overall significance 
-of differences for eac¥ of the six hemodynamic variables. Mean pair- 


wise differences between experimental and control limbs at T1 
through T5 were determined by paired t tests. To determine the 
sensitivity (true-positive/[true-positive + false-negative]) of the he- 
modynamic variables in discrimination of valvular incompetence with 
this model, we selected as “true-positive, abnormal values” those that 
gave a 95% specificity based on a frequency distribution of the normal 
values (normal defined asleft limb measurements at T1 and right limb 
measurements at T1 through T5, all of which represent nonlysed 
valves). 


RESULTS 


For the six measured variables in the experimental limb 
(left) at baseline before valve lysis (T1), the values were as 
follows: P,,, 8.1 + 1:25 mm Hg; Pa, 52.8+ 1.30 mm Hg; VFT, 
18.0 +8.20 seconds: P,, 52.4 +1.20 mm Hg; P., 27.6 + 1.68 mm 
Hg; and VRT,,, 1.5+0.44 seconds. These values were not 
significantly different from the control (right) limb values at 
T1, and no significant change from baseline was noted in the 
control limb during the subsequent period of observation (T2 
through T5). 

The P., of the left limb immediately after valve lysis (T2) 
was significantly elevated compared with that of the control 
right limb (14.7 + 1.74 vs 9.8 + 1.88 mm Hg, P<.05) but there- 
after returned to baseline levels for the remainder of the 
experiment. For beth P,, and P, no significant differences 
were noted between limbs at any time either before or after 
valve lysis (T1 through T5). 

Immediately after valve lysis (T2), VFT was shortened 
compared with that of the control limb (6.2+1.09 vs 


: 28,045.72 seconds, P<.005) and remained significantly 


(P<,025) shorter at T3 through T5 (Fig 4). Valve lysis also 
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resulted in an elevated P. at T2 compared with the control 
limb (46.5 + 1.46 vs 26.2+1.45 mm Hg, P<.0001), with this 
difference persisting at T3 through T5 (P<.005, Fig 4). Final- 
ly, at T2, VRT,, was significantly more rapid in the limb in 
which valve lysis was performed (0.2 + 0.04 vs 3.0+ 0.44 sec- 


onds, P<.0001), and this difference from control was main- ; 


tained at T3 through T5 (P<.01, Fig 4). 

The individual animal data for VFT, P., and VRT,, were. 
plotted to qualitatively assess the variability among dogs and 
within the same dog over time (Fig 5). The sensitivities of © 
VFT, P., and VRT,, and the values from which these were 
derived for 95% specificity (given parenthetically) were as 
follows: VFT, 75% (<7.2 seconds); P., 89% (>38 mm Hg); and 
VRT, 100% (<0.6 seconds). 

In eight of eight dogs, the strip test’ confirmed incompe- 
tence of the lysed midsuperficial femoral vein valve; in all six 
of these dogs in which descending venograms were obtained, 
the veins were patent without apparent scarring and there 
was reflux into the lateral saphenous vein below the knee. In 
three of three dogs, contrast material refluxed to the same 
extent in the control, nonlysed limb as in the lysed, hemody- 
namically insufficient limb. 

In all 18 dogs with chronic venous valvular insufficiency, no 
wound dehiscence or infection, persistent edema, ulcers, or 
pain was observed. Due to repeated catheterization, thrombo- 
sis occurred in the most caudad segments of the lateral saphe- 
nous vein at the ankle; however, in only one dog did this 
progress to the infrageniculate popliteal fossa, requiring kill- 
ing of the dog at 3 weeks to obtain pressure measurements 
after deep dissection for cannulation of the lateral saphenous 
vein; this precluded further serial venous pressure measure- 
ments (with no measurement at T3; hence, n= 12). 


COMMENT 


The most widely applicable, and currently the most effec- 
tive, method of direct venous reconstruction for deep venous 
insufficiency is insertion of a competent valve.’ The clinical 
feasibility of such surgery was first confirmed by Taheri and 
associates’ with their report of autogenous brachia!l-to-femo- 
ral vein valve transplantation. 

Previous models of valve incompetence have been used to 
develop valve transplantation techniques. In 1965, McLachlin 
and associates’ created a canine model simulating postphlebi- 
tic deep venous incompetence with the use of mechanical 
trauma and stasis to cause thrombosis and recanalization of 
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< Fig 4.—Paired comparison of control (open bars) and experimental 
(hatched bars) hindlimbs at baseline (T1), immediately after valve lysis 

» (F2), and 1 to 2 weeks (T3), 3 to 5 weeks (T4), and 9 to 14 weeks (T5) 
after lysis. VFT indicates passive venous filling time; P., poststimula- 
-tion venous pressure; VRT, 90% venous refilling time; and number 
“symbol, significant difference in paired comparisons at each time 


_< interval for each variable (P<.0285). 


_ the superficial femoral vein for subsequent valve transplanta- 
tion experiments. Vein clamping was required for 48 to 96 
_ hours to induce thrombosis, and the time required for recana- 
‘lization ranged from 19 to 56 days. In 1967, Waddell and 
associates’ used both the mechanical trauma/stasis method 
and phlebitis induced with the sclerosant monoethanolamine 
_ to create venous valve incompetence. The clamp-occlusion 
method had an 83% success rate in the production of a model 
~ for valve transplantation, but required 2 to 5 weeks for recan- 
alization and was associated with a 14% attrition rate due to 
< death or wound complications that prohibited venous recon- 
- struction. The chemically induced phlebitis technique result- 
ed in thrombosis in only 90% of dogs, with recanalization in 

- only 78% of these after 6 to 11 weeks; among the recanalized 


veins, 57% were unusable for valve transplant experiments 
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Fig 5.—Pbts of individual dog data measured over the five time 
intervals for the three variables that are discriminatory for valve incom- 
petence. VFT indicates venous filling time; P., poststimulation venous 
pressure; end VRT 90% venous refilling time. 


due to deasely adherent partial recanalization. Neither group 
of authors” reported hemodynamic proof of venous insuffi- 
ciency in :heir animals, 

More recently, van Bemmelen et al’ developed an experi- 
mental model of venous valve insufficiency in rats by subject- 
ing valves to hemodynamic stress from cephalad femoral 
arteriovenous fistulas. Their method was associated with 25% 
mortality due to congestive heart failure. Jessup and Lane” 
applied tae same technique in a sheep model. In addition to 
the labor-intensive step required to create the arteriovenous 
fistula, tis was a model not of phlebitie damage to valve cusps 
but rather of valve incompetence caused by initial vein dilata- 
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tion and separaticncf the commissures.” Again, no hemody- 
namic evidence of venous insufficiency was reported by either 
group.” 

Our valve lysis method was technically simple, quick, re- 
producible, and stable up to 14 weeks, with all dogs having 
~- hemodynamically verified venous insufficiency at the time of 
killing. Descending venography was useful in the demonstra- 

tion of: patent, nonrecanalized, incompetent veins in our 
study; however, this mathod was cumbersome, invasive, and 
nonspecific, as in three of three normal nonlysed limbs, con- 
trast material refluxed to the same degree as in the lysed limb 
despite hemodynamic evidence of venous insufficiency only in 
the latter. Discrepancy between venographic and actual strip 
test assessment of valve function has been documented previ- 
ously." We developed this valvular insufficiency model for 
future tests of venons valve reconstructive procedures. Rath- 
er than use venographic quantitation of reflux, we concen- 
trated on the develepment of functional hemodynamic tests, 
as there is an acknowledged need for such assessments of total 
limb venous dynamics for critical evaluation of venous recon- 


structive procedures.’ 


The fact that there was no external evidence of venous 
insufficiency (edema cr ulcers) is not surprising given the 
relatively short-term nature of the study and the short hydro- 
static column in an animal who walks on all four extremities. 
It is not unusual forpatients with venous valvular insufficien- 
cy documented by venography and noninvasive tests to dis- 
play no external sequelae for years. In terms of an animal 
model for surgical experimentation, it is the hemodynamic 
verification of valvular insufficiency that is important for the 
assessment of the efficacy of valve transplants. 

Among the six hemodynamic variables measured, only 
VFT, P., and VRT,, were discriminatory for valvular insuffi- 
ciency. Supine resting pressure was significantly elevated 


only at T2, consistent with venospasm resulting from repeat- 
edly passing the valve cutter in the experimental limb. Other- 
wise, P,, and the resting semierect pressures, P,, and P, 
were not altered by valve lysis, an expected result given the 
fact that these three variables measure resting venous capaci- 
tance and are a reflection of the effects of arterial inflow and 
gravity rather than a function of venous valve competence. 


Although VFT and P. were significantly different after ` : 


valve lysis, indicating venous reflux and inadequate venous 


emptying, these tests were relatively insensitive (75% and | 
89%, respectively). However, VRT,, was 100% sensitive ifa = 


value less than 0.6 seconds was measured. This would be 
expected because, among the six variables, VRT,, is the most 
physiologic measure of valvular insufficiency due to the fact 
that it measures venous refilling after maximum emptying of 


the venous system with an active hindlimb muscle pump. We - a 
conclude that for future applications of this canine model of 


valvular insufficiency, a VRT,, of less than 0.6 seconds is the 
objective hemodynamic standard that confirms incompetence 
of venous valves. 


In contrast to past models of valvular insufficiency, our- — 


valve lysis method damages the valve cusps directly, simulat- 
ing the postphlebitic situation, but avoids disturbance of the 
deep venous system by surgical manipulation. Thus, subse- 
quent experimental deep venous valve reconstructive sur- 
gery would be facilitated. The successful development of an 
upright, large-animal model of venous valvular insufficiency. 
that can be verified by functional tests of hindlimb venous 
hemodynamics should allow evaluation of valve replacement 
procedures that will have clinical application. 

This study was supported by a Department. of Veterans Affairs. Merit Re- 
view grant (Dr Lalka). k on 
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The Dichotomous Distribution of Gastrinomas 


Mark P. Sawicki, MD; Thomas J. Howard, MD; Marci Dalton; Bruce E. Stabile, MD; Sdward Passaro, Jr, MD 


@ Our experience with 47 sporadic gastrinomas suggests that 
no less than 85% of these tumors are located to the right of the 
superior mesenteric artery. This finding is unexpected because 
approximately 75% of insulinomas and glucagonomas are lo- 
cated to the left of the superior mesenteric artery. All of our 
extrapancreatic gastrinomas have been located to the right. 
These observations prompted us to determine if other extrapan- 
creatic gastrinomas were also predominantly located to the right 
side. We searched the world’s literature and found 10 cases of 
ovarian gastrinomas and one case of a renal gastrinoma. Nine of 
these remote extrapancreatic gastrinomas were located on the 
right side. This distribution of remote extrapancreatic gastrino- 
: mas is similar to our experience with peripancreatic gastrino- 


“mas. This unexpected right-sided preponderance of both remote 


and peripancreatic gastrinomas suggests a common origin for 
both 


(Arch Surg. 1990;125:1584-1587) 


urrently it is thought that pancreatic islets arise from 
immature endocrine precursor cells situated in the epi- 

thelium of the developing pancreatic acinar ducts.’ One of the 
theories of pancreatic endocrine tumor development postu- 
lates that they arise from these totipotential precursor cells.’ 
The other theory states that these tumors derive from more 
differentiated islet cells. If development of pancreatic endo- 
crine tumors was a random event occurring in totipotential 
cells, it would be expected that the incidence of these tumors 
would be similar in all portions of the pancreas. Our observa- 
tion, however, has been that these tumors are not evenly 
distributed. 

A recent study using the superior mesenteric artery as a 
landmark demonstrated that pancreatic endocrine tumors are 
-< not uniformly distributed.” Gastrinomas arise predominantly 
-» on the right side of the vessel whereas insulinomas, for exam- 

ple, arise predominantly on the left. At least 30% of the 
-gastrinomas that are found to the right of the mesenteric 
artery are not in the pancreas itself but are extrapancreatic 
- (Table 1).** None of the extrapancreatic gastrinomas, howev- 
er, are found to the left of the superior mesenteric artery. 
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These extrapancreatic gastrinomas have been found chiefly 
adjacent -o the pancreas and rarely at distant sites. 

More remote extrapancreatic gastrinomas have been re- 
ported tc occur in lymph nodes, duodenum, ovary, kidney, 
mesentery, omentum, stomach, and liver.’ While it has been 
demonstrated that peripancreatic gastrinomas are predomi- 
nantly found to the right of the superior mesenteric artery, 
the anatomic distribution of remote extrapancreatic gastrino- 
mas is no: known. 

The goal of this study was to determine if the right and left 
distributzon of remote extrapancreatic gastrinomas was simi- 
lar to or cifferent. from that of peripancreatic gastrinomas. In 
particula>, we focused on two remote sites for gastrinoma in 
which the issue of bilaterality could be addressed, namely, the 
kidneys and ovaries. 


METHODS 


We searzhed the world’s literature using the National Library of 
Medicine catabase from 1968 through 1989. We searched both titles 
and abstracts and used the following key words: gastrinoma, Zol- 
linger-Ellison syndrome, ovary, and kidney. We reviewed all of the 
articles in all languages and present the data herein. The data were 
analyzed for statistical significance using the binomial expansion 
assuming = 50/50 right and left distribution.” 


RESULTS 


We found 11 cases of renal and ovarian tumors causing 
Zollinger-Ellison syndrome (Tables 2 and 3)."* Ovarian gas- 
trinomas were present in 10 patients and a renal gastrinoma 
was present in one. In all cases, the tumor was confined to the 
kidney or-ovary and was unilateral. 

Most o? these patients presented with the following symp- 
toms of Zollinger-Ellison syndrome: abdominal pain (11 of 11 
patients), diarrhea (five of 11 patients), duodenal obstruction 
(one of 11 patients), perforation (one of 11 patients), and 
bleeding {three of 11 patients). None of the patients had a 
family history consistent with multiple endocrine neoplasia 
type I syzdrome. Normal serum prolactin levels were report- 
ed in six of 11 patients. Endoscopic or barium studies of the 
upper gastrointestinal tract uniformly revealed active ulcer 
disease. Fasting serum gastrin levels were elevated and 
ranged from 530 to 5800 ng/L. Secretin or calcium infusion 
tests were performed in eight patients and were positive in 
six. Imaging studies, including computed tomographic scan, 
ultrasourd, and angiography, were able to identify the tumor 
in five of the six patients from whom such studies were 
obtained. 
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Every patient underwent exploratory laparotomy and ex- 
cision of the gastrinoma. At operation, eight of 10 ovarian 
tumors and the one renal tumor were present on the right side 
(P= 03). Thorough surgical exploration of the pancreas and 
duodenum failed tp reveal other tumors. Patients with ovari- 


an tumors underwent salpingo-oophorectomy (five of 10 pa- 


- tients), bilateral salpingo-oophorectomy (five of 10 patients), 
‘and total abdominal hysterectomy (four of 10 patients). Acid- 


Table 1 


.—Gastrinoma Distribution 





Pancreatic. 

Peripancreatic 

Remote: 
Ovary 
Renal 


Duration 
of Basal 
Symptoms, Gastrin, 
mo 


ng/l. 





reducing operations were performed in four patients: vagoto- 
my and pyloroplasty (one patient), highly selective vagotomy 
(two patients), and total gastrectomy (one patient). The pa- 
tient with a renal tumor underwent right nephrectomy. N 
acid-reducing operations were performed in this group. After 
operation, the serum gastrin levels returned to normal. Those. 
patients with abnormal secretin levels had a return to normal © 
levels. Those patients who had abnormal secretin levels pre- 
operatively had normal levels postoperatively (follow-up, 2 to 
72 months). 
All of the ovarian tumors were large, cystic, and multilocu- 
lated. They were confined to the ovary except in one casein, 
which a single lymph node metastasis was found.’ The histo 
logic appearance of the ovarian tumors was similar in all, The 
tumors were classified as either mucinous cystadenocarcino- 
mas or mucinous cystadenomas and none were consistent 
with the carcinoid type. Solid masses of tumors were not seen, 
The cysts were lined by columnar or pseudostratified colum- 
nar epithelium. All of the tumors stained positively for gastrin 
except for one in which the tumor was assayed for gastrin but 
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6 2117 
“Recent” 1500-5800 
4 731-908 
ND 980-1175 
12 750 
3 680-940 
9 444 
3 750-1170 
“Several” 350-530 
12 2456 
6 4764 


A zz z 
Pr PggzZzrrrsg 


Alder and Rossier 
Garcia-Villanueva et al’ 
Heyd et at 

Maton et al? 
DeBroucker et ale 
Primrose et al“ 
Morgan etat” 
Julkunen et al’? 
Bollen et al'* 

Long et al" 

Cocco and Conway? 


Table 3.—Clinical Data* 


L ovary, multiloculated, 
16x 12x 6 cm, 1100g 


Mucinous cystadenocarcinoma 


immuno- 
histochemistry 
+Gas, —PP, 
~ Sec 


Aider and Rossier 


V&P/RSO 
| TAHIBSO 


~HSVIRSO, 
gastrojejunostomy: 
‘duodenoduodenostomy 
RSO 
HSV/RSO 
TAH/BSO 


TGASO 


R ovary, multiloculated, 
35 x 35 x 35 cm, 1100 g 


R ovary, multiloculated, 
25 x 20 x 12 cm 


Rovary, muitiloculated, 
16x10x9em 


R:ovary, multiloculated, 
22x 19 x 10 cm, 2505 g 


Rovary, multiloculated, 
30 x 11x 90cm, 700g 


R ovary, multiloculated, 
7000 g 


R ovary, multiloculated, 
144x14 x8 cm 


R ovary, multiloculated, 
70x 12x 12cm 


L ovary, multiloculated, 
16x10x9cm 


R kidney, solid mass, 
3x3x2em 


Cystadenocarcinoma metastatic 
to LN, heterotopic pancreas in 
jejunum 

Mucinous cystadenocarcinoma 

Mucinous cystadenoma 


Mucinous cystadenoma 


Mucinous cystadenocarcinoma 


Mucinous cystadenoma 

Cystadenocarcinoma, 
borderline malignant 

Mucinous cystadenoma 


Mucinous cystadenoma 


islet cell tumor 


+Gas 


+Gas 


+Gas, +SS 


+Gas 


+Gas, +SS, 
—PP, -GLU 


+Gas 


+Gas 


+Gas 


Net done 


+ Gas, +ChromA, 
~SS, —PP, 
~Glu, ~ ins 


Garcia- Villanueva et a? 


Heyd et al! 
Maton et a! 
deBroucker et al 


Primrose et al“ 


Morgan et al‘? 
Julkunen et al? 
Bollen et ai* 
Long et af 


Cocco and Conway'* 





_*TAH indicates total abdominal hysterectomy; BSO, bilateral salpingo-ocophorectomy; LSO, left salpingo-oophorectomy; RSO, right salpingo-oophorectomy; HSV, 


“highly selective vagotomy; tas, gastrin; SS, somatostatin; Sec, secretin; ins, insulin; Glu, glucagon; PP, pancreatic polypeptide; ChromA, Chromagranin A; V&P,.. a 


_ vagotomy and pyloroplasty: TG, total gastrectomy; LN, lymph node; plus sign, stains for hormone; and minus sign, does not stain for hormone by immunodiffusion, 
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Immunoperoxidase staining for gastrin in an ovarian tumor counter- 
stained with hematoxylin (from Heyd et alô). 


immunohistochemistry studies were not performed. Typical- 
ly, numerous gastrin-staining cells lined the cysts (Figure). 
In one case, the basal portion of the cells stained for gastrin 
whereas the apical portions of the cells stained for mucin.” 
Immunohistochemistry studies for other substances were 
done in three cases. Somatostatin was the only other peptide 
identified. Pancreatic polypeptide was absent. 

The renal tumor was much smaller compared with the 
ovarian tumors. The histologic appearance more resembled 
that of typical gastrinomas in that the gastrin-staining cells 
were confined to a discrete mass. Immunoperoxidase staining 
was positive for gastrin. 


COMMENT 


Tn our study, nine of 11 patients had ectopic ovarian or renal 
gastrinomas located to the right of the superior mesenteric 
artery (P = .03). Our experience with 47 sporadic gastrinomas 
suggests that extrapancreatic gastrinomas are found to the 
right of the superior mesenteric artery.’ Taken together, 
these findings support our hypothesis that these two groups, 
peripancreatic and remote gastrinomas, have a similar right 
and left distribution and may have been caused by the same 
mechanism. 

The presence of peptides in mucinous tumors of the ovary is 
well known.” A variety of peptides may be demonstrated, 
including gastrin, pancreatic polypeptide, serotonin, so- 
matostatin, neurotensin, adrenocorticotropin, glucagon, and 
calcitonin. In a study of 47 unselected mucinous ovarian tu- 
mors, 14 stained positively for gastrin.” Despite the high 
number of gastrin-staining tumors, none of these patients had 
clinical evidence of Zollinger-Ellison syndrome. 


One of the theories of pancreatic endocrine tumor develop- 
ment postulates that they are derived from immature endo- 
crine precursor cells in the developing pancreatic ducts.’ 
These totipotential cells then differentiate into cells capable 
of elaborating islet peptides. This theory implies that tumor 
development occurs as a random event in endocrine precursor 
cells, resuiting in a uniform distribution of these tumors 
within the pancreas. 

This paradigm was challenged recently when it was demon- 
strated that pancreatic endocrine tumors have a heteroge- 
neous distribution.’ In a collective review of the literature, 
Howard et al’ found that the anatomic distribution of pancre- 
atic endocrine tumors fell into two clusters. Cluster 1 consist- 
ed of gastrinomas, pancreatic polypeptide-secreting tumors, 
and somatostatinomas and had 75% of tumors located to the 
right of the superior mesenteric artery, and cluster 2 consist- 
ed of insulinomas and glucagonomas and had 75% of tumors 
located to the left of the superior mesenteric artery. These 
findings, with the exception of somatostatinomas, are consis- 
tent with the known distribution of pancreatic islet endocrine 
cell types that are not uniform in either their distribution or 
cellular composition. These data suggest that at least some of 
these tumors arise from more differentiated cells rather than 
from totipotential cells. 

The right-sided preponderance of mucinous tumors of the 
ovary causing the Zollinger-Ellison syndrome is unexpected. 
Mucinous tumors of the ovary occur with equal frequency in 
the right and left ovaries.” It would be expected, therefore, 
that ovarian tumors causing Zollinger-Ellison syndrome 
would occur with equal frequency in the right and left ovaries. 
This righz-sided preponderance is also in disagreement with 
the current theories of oncogenesis of mucinous tumors of the 
ovary. 

The exact oncogenesis of mucinous tumors of the ovary is 
not known. Two theories have gained acceptance.” According 
to the surface epithelial metaplasia theory, coelomic epitheli- 
um proliferates during ovulation and develops an inclusion 
that later transforms into an endocervical type of neoplastic 
tissue. This tissue then undergoes metaplasia to form intesti- 
nal epithelium. The second theory is that some of these tu- 
mors are of germ cell origin with differentiation into an endo- 
dermal type of epithelium. 

Neither of these theories, however, would explain the 
right-sided preponderance of mucinous tumors causing Zol- 
linger-E‘lison syndrome. This suggests that the oncogenesis 
of these gastrin-secreting tumors is different from other mu- 
cinous tumors of the ovary and more resemble their peripan- 
creatic counterparts. 

In our study, nine of 11 gastrin-secreting ovarian and renal 
tumors were located to the right of the superior mesenteric 
artery (P<.05). Currently, there is no explanation for this 
right-sided preponderance. These observations may be an 
important clue in determining the origin of gastrinomas. 

P. Matoa, R. Jensen, and S. Mackem at the National Institutes of Health, 


Bethesda, Md, provided the photomicrograph of the immunoperoxidase- 
stained ovarian gastrinoma used as the Figure in this article. 
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Invited Commentary 


|) The authors have previously documented for us, in a clear fashion, 
‘tht pancreatic islet cell tumors may anatomically be neatly divided 
- | into either cluster 1 (gastrinomas, pancreatic polypeptide-secreting 
| tumors, and somatostatinomas) or cluster 2 (insulinomas, glucagono- 
-| mas) groups. The fact that + 86% of cluster 1 tumors occur tothe right 
and +8@% of chister 2 tumors occur to the left of the superior 
meseateric artery has veen well substantiated by many authorities in 
this field, and this distribution is believed to correspond closely to the 
volurae censity of the endocrine-secreting cells of the pancreas with a 
< p notakle exception being that of the delta cells (somatostatinomas). 
> The current study reports a predominance of right-sided, extra- 
“| pancaeatic gastr-nomas; based on this finding, the authors question 
the enbryologic origin of pancreatic islet cells. This question is a most 
apprepriate one, for much has changed in the 50 years since Feyrter 
first sroposed a diffuse endocrine system—a proposal that gained in 
popu arity because of the contribution of Pearse in 1966 who coined 
the row popular term APUD-omas (amine precursor uptake and 
decatboxylation:. The postulate was that all of these cell types (+ 40) 
arose from the primitive neural crest and were thus of neuroectoder- 
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mal origin, This embryologic package was, perhaps, “too neat” tobe |. | 
true. 

Using embryologic cell-tracing methodology and transgenic mice 
to study vertebrate development, it is now abundantly clear that the 
origin of the endocrine cells of the pancreas and of the gastrointestinal 
tract that secrete neuropeptide or polypeptide hormones is not. of. 
neural crest origin. Researchers have demonstrated the develop- 
ment of gut enterochromaffin cells after the removal of gut tissue 
prior to neural crest formations. Similarly, tumors such as fibrosarco- 
mas and patients with myeloblastic leukemia have been shown to 
secrete insulin and corticotropin, respectively, strongly suggesting 
an endodermal or mesodermal origin. i 


The current opinion is that the islet cells of the pancreas are of | 


endodermal origin. However, the possibility of a common “ectoblastic 
precursor cell” that becomes incorporated into the developing endo- | 
derm that may later differentiate into the endocrine cells of the | 
pancreas cannot be excluded. i 


JON A. VAN HEERDEN, MB, FRCS(C) | 
Rochester, Minn ; 
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“4 order ZANTAC...continuously.” 


“Continuous infusion gives me the control | want to 

meet my therapeutic goals of pH and volume control 

in acid-peptic disorders, but it doesn’t raise added 
concerns about safety, drug interactions, or CNS effects.” 


“With ZANTAC, | get... 


“24-hour median gastric pH of 6.3 
in duodenal ulcer patients'”; 


“24-hour mean gastric volume of 18.3 ml’; and 
“No loading dose is needed for rapid onset.”'* 


New continuous infusion | 


LantaCection 
ranitioline HCV GIAXO 25mg/mi 
150mg/day 


Glaxo/€Z> Ó Glaxo Pharmaceuticals” 
DIVISION OF GLAXO INC 
Research Triangle Park, NC27709 
Please see co rotate Prescribing Information for indications 
t Rare cases of CNS effects, usually reversible, have been reported. Please 
see complete Prescribing Information for precautions. 
Please see references and Brief Summary of Prescribing Information on next page 












» References: | Ballesteros MA, Hogan DL, Koss MA, Isenberg J]. Bolus or intiavenous infusion of rantidine: alfects: 
ot gastric pl and acid secretion: g comparata of relative efficacy and cost. Ann intem Med 1980:17215)334-939. = 
2. Data on file, Glaxg Inc. 3. Sanders SW, Buchi KN. Moore JG, Bishop AL. Pharmacodynamics of intravenous ranitidine 
after bolus aid continuous infuisian in patents with healed duodenal ulcers. Diin Pharmacol Ther 198946157545551, 





















iy Zantac" injection BRIEF SUMMARY 
oo feanitiding hydrochioride) 
Oo fantan" injection Premixed 
{ranitidine hydrochloride} 
The following is a brief summary only, Before prescribing, see complete prescribing information in Zantan® 
{njéction/Zantac* injection Premixed product labeling. 
INDICATIONS AND USAGE: Zantac” Injection and Zantac” Injection Pramixed are indicated in some hospitalized 
patients with pathological hypersexretary conditions or intractable duodenal ulcers, or as an alternative to the oral 
je form: tor short-term use in patients wha are unable to take oral madication. 


fi INDICATIONS: Zantac® injection and Zantac” injection Premixed are contraindicated for patients known to 
have hypersensitivity to the drug. 
PRECAUTIONS: 


` General: 1. Symptomatic response to Zantac* therapy does not preclude the presence of gastric malignancy. 

2. Since Zantac Js excreted primarily by the kidney, dosage should be adjusted in patients with impaired renal function 

{ses DOSAGE AND ADMINISTRATION). Caution shouid be observed in patients with hepatic dystunction since Zantac 

is metabolized in the liver. 

3. ln controlled studies in normal volunteers, etevations in SGPT have been observed when Hp-anlagonists have been 

administered intravenously at greater than recemmended doses far five days or tonger. Therefore, it seems prudent in 

pt receiving intravenous {IV} ranitidine at doses greater than or equal to 100 mg qid for periods of five days or 
longer to monitor SGPT daily (from day 5) for the remainder of IV therapy. 

4, Bradycariia in association with rapid administration of Zantac” Injection has been reported rarely. usually in 

patiants with factors predisposing to cardiac rhythm disturbances. Recommenced rates of administration should not 

be exceaded (see DOSAGE AND ADMINISTRATION). 

Laboratory Tests: False-positive tests for urine protein with Multistixes may occur during Zantac therapy, and there- 

fore testing with sulfosalicylic acid is recommended. 

Drug Interactions: Although Zantac has been reported to bind weakly to cytochrome P~450 in vitro, recommended doses 
s. OF the drug do not inhibit the action of the cytochrome P-450-inked oxygenase enzymes in the fiver. However, there have 

been isolated reports of drug interactions that suggest that Zantac may affect the bioavailability of certain drugs by some 
fuschanism as yet unidentified (eg, a pH-dependent effect on absorption or a change in volume of distribution} 
Carcinogenesis, Mutagenesis, impairment of Fertility: There was no indication of tumorigenic or carcinogenic 
‘affects in lifespan studies in mice and rats at oral doses up to 2,000 maria. 

Ranitidine was not mutagenic in standard bacterial tests (Salmonella, Escherichia col) for mutagenicity at concen- 

trations up to the maximum recommended for these assays. 

in a dorsinant lethal assay, a single ora! dose of 1,000 mg/kg to male rats was without effect on the oulcome of 

two matings per week for the next aine weeks. 

Pregnancy: Teratogenic Effects: Pregnancy Category B: Reproduction studies have been performed in rats and rab- 
bits at oral doses up to 160 times the human osai dose and have revealed no evidence of impaired fertility or harm to 
the fetus due to Zantac. There are, however, no.adequate and well-controlled studies in pregnant women. Because 
Animal reproduction studies are not always predictive of human response, this drug shouid be used during pregnancy 
‘only if clearly needed. 

Nursing Mothers: Zantac is secreted in human miik. Caution should be exercised when Zantac is administered to a 
nursing mother. 

Pediatric Use; Safety and effectiveness in children have not bean established. 

Use in Elderly Patients: Ulcer healing rates in elderly patients (65 to 82 years of age) treated with oral Zantac were no 
different from those in younger age groups. The incidence rates for adverse events and laboratory abnormalities were 
also not different from those seen in other age groups. 

ADVERSE REACTIONS: Transient pain at the site of intramuscular injection has been reported. Transient focal burning 
of itching has been reported with IV administration of Zantac’, 

The following have been reported as events in clinical trials or in the routine management of patients trasted with 
“oral or parenteral Zantac. The relationship to Zantac therapy has been unclear in many cases. Headache. sometimes 
Severe, seams to be related to Zantac administration, 

Central Nervous System: Rarely, malaise, dizziness, somnolence, insomnia, and vertigo. Rare cases of reversible 

mental confusion, agitation, depression, and hallucinations have been reported, predominantly in severely i elderiy 

pts. Rare cases of reversible blurred vision suggestive of a change in accommodation have been reported 
jardiovastular: As with other Ho-biackers, rare reports of arrhythmias such as tachycardia, bradycardia, asystole, 

atrioventricular block, and premature ventricuiar beats, 

; Hnstrointestioat: Constipation, diarrhea, nausee/vomiting, and abdominal discomfort/pain, and tare reports of pan- 

Greatitis. 

Hepatic: in normal volunteers, SGPT values were increased to at least twice the pretreatment levels in 6 of 12 sub- 

jects receiving 100 mg gid intravenously for seven days, and in 4 of 24 subjects receiving 50 mg qid intravenously for 

five days. There have bean occasional reparts of hepatitis, hepatocellular or hepatocanalicular or mixed, with or with- 

Out jaundice. in such circumstances, ranitidine should be immediately discontinued. These events are usually 

feversible, but in exceedingly rare circumstances death has occurred. 

Musculoskeletal: Rare reports of arthralgias. 

Oo Hem ic: Blood count changes (leukopenia, granulocytopenia, and thrombocytopenia) have occurred in a tew 

a. patients. These were usually reversible, Rare cases of agranulocytosis, pancytopenia, sometimes with marrow 

As hypontasia and aplastic anemia have been reported. 

Endocrine: Controlled studies in animals and man have shown no stimulation of any pituitary hormone by Zantac and 

no antiandrogenic activity, and cimetidine-induced gynecomastia and impotence in hypersecretory patients have 

resolved when Zantac has been substituted. However, occasional cases of gynecomastia, impotence, and toss of 

libido shave been reported in male patients receiving Zantac, but the incidence did not differ from that in the general 

population, 

Integumentary: Rash, including rare cases suggestive of mild erythema multiforme, and, tarely, alopecia 

Other: Rare cases of hypersensitivity reactions feg, bronchospasm, fever, rash, eosinophilia), anaphylaxis, angioneu- 

totic edema, and small increases in serum creatinine. 

OVERDOSAGE: information concerning possible overdosage and its treatment appears in the full prescribing information 

DOSAGE AND ADMINISTRATION: (See complete prescribing information in Zantac” Injection/Zantac™ injection Pre- 

mixed product tabeling.) 

fatramuscular injection: 50 mg (2 mil} every six to eight hours. (No dilution necessary.} 

intermittent intravenous Injection: 

A. intermittent Bolas: 50 mg (2 mi) every six to eight hours. Dilute Zantac Injection, 50 mg, in 0.9% Sodium 
Chloride or other compatible IV solution {see Stability) to a concentration no greater than 2.5 mg/mi (20 mi}. Inject at 
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Injection or other compatible IV solution to a concentration no greater than 0.5 mg/ml (100 mì). Infuse at a rate no 
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Zantac injection Premixed solution, 50 mg, in 0.45% Sodium Chloride, 100 mi, requires no dilution and should be 
infused over 15 to 20 minutes. 
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Continuous intravenous Infusion: Add Zantac injection to 5% Dextrose injection or other compatible [V solution 
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P For Zollinger-Ellison patients, ditute Zantac infection in 5% Dextrose Injection or other compatible intravenous 

solution to a concentration no greater than 2.5 mg/mi. Start the infusion at a rate of 1.0 mg/kg/h. It after four hours 

aither a measured gastric acid output is greater than 10 mEq/h or the patient becomes symptomatic, the dose should 
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recorded, including-the percentage of stained cells and the intensity 
of staining. 
RESULTS 


The effect of the location of lymph nodes on fusion frequen- 
cy and the yield cf antigen-reactive clones was first studied. 
Lymphocytes from three lymph nodes (A1 to A3) of a single 
patient were fused with SHFP-1 cells without IVI. Results 
showed that lymphocytes of cancer patients were capable of 


Fig 1.—Hyperplastic lymph node obtained from a patient with Dukes’ 
A colon cancer. Top, Hyperplastic change at the germinal center and 
in the paracortical:area (immunoperoxidase, original magnification 
x 250). Center, Increased number of lymphoblasts at the medulla 
(immunoperoxidase, original magnification x 400). Bottom, In- 
creased number of plasma cells at the medulla (immunoperoxidase, 
original magnification x 400). 
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forming tumor-reactive HuMAbs, although the yield of tu- 
mor-reactive clones was at the rate of 1 per 1 10' to 1 per 
1x 10° cells. The lymph node (A1) closest to the tumor mass 
gave the best yield in both fusion frequency and tumor- 
reactive clones (Table 1). Histologic evaluation of all three 
lymph nodes showed that A1 had the most significant hyper- 
plastic changes in all areas, including the germinal center, 
paracortical area, and medulla, with increased number of 
lymphoblasts and plasma cells (Fig 1). With IVI, including 
sPWM-T as the B lymphocyte stimulant and CEA as the 
antigen, the fusion frequency was increased by 4.5 to 31.5 
times compared with the non-IVI protocol. In addition, the 
number of HT-29 tumor-reactive clones was significantly in- 
creased when the IVI procedure was used on lymphocytes 
from cancer patients (up to 13.6 times). Most of the stable 
HT-29 tumor-reactive clones were derived from the fusions 
with IVI protocols. When CEA was the antigen used in the 
IVI protocol, HT-29 tumor-reactive clones were obtained in 
both CEA- and non-CEA-related fashions. No CE A-reactive 
clones were produced by the non-IVI protocol (Table 1), 

In addition, the IVI protocol increased the immunoglobulin 
secretion of all isotypes. With the IVI protocol, IgG- or 
IgA-secreting clones were obtained approximately 10 times 
more frequently than with the non-IVI control (Table 2). 
Increased isotype switching by IVI may improve the proba- 
bility of obtaining HT-29 tumor-reactive, IgG-secreting 
clones. 

To search for the optimal stimulant for B cells in IVI, 
sPWM-T and sMLC were compared. We used CEA at 
20 pg/L as the immunogen in this experiment. To avoid 
unnecessary experimental variations that might have affect- 
ed the results, all six IVI experiments were performed simul- 
taneously (Table 1). Although both B-cell-stimulating condi- 
tioning media enhanced the fusion frequency, there was no 
improvement in the yield of HT-29 tumor-reactive clones 
using sMLC compared with the non-IVI control. Only one 
HT-29 tumor-reactive clone resulted from sMLC stimulation, 
In contrast, sPWM-T stimulated significantly more HT-29 
tumor-reactive clones. In vitro immunization with sPWM-T 
demonstrated more frequent hybridoma formation with a 
shorter delay after fusion than the IVI protocol with sMLC 
(Fig 2). Positive hybridomas developing soon after fusion 
seemed more stable than those requiring prolonged incuba- 
tion. As a stimulant to human B lymphocytes, sPWM-T ap- 
peared to be superior to sMLC. 

During our initial IVI studies, CEA at 20 pg/L was chosen 
for the following reasons: (1) Careinoembryonic antigen is 


Table 2.— isotypes of Human Monoclonal Antibodies Derived 
From IVI and Non-IVI Protocols* 


immunoglobulin isotype, %t 








Lymph 
Node Protocol igM igG IgA 
Ai IVI with 41.3 38 10.0 





10.4 0.6 
26.6 7.3 








8.2 17 
70.0 5.8 








24 0.4 





*IVI indicates in vitro immunization; sPWM-T, supernatant of pokeweed 
mitogen—stimulated T lymphocytes. 
t{(No. of specific isotype-secreting clones)/(No. of wells plated)] x 100. 
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Fig 2.—Comparison of supernatant of pokeweed mitogen—stimulated T lympnocytes (SPWM-T) and supernatant of mixed 
lymphocytes culture (SMLC) in in vitro immunization. Left, A1 lymph node. Center, A2 lymph node. Right, A3 lymph node. 





T f Table 3.— Effects of CEA Concentration on IVI* 


B1 Lymph Nodet 
eel etl E LE ee Te 


IVI with CEA 
SS a aa a 


Non-iVI 20 pg/L 40 pg/L 
28/288 (9.7) 95/288 (33.0) 48/288 (16.7) 













| No. of clones/No. 
Of wells plated (%) 


Immunoglobulin isotype, 
No. of clones 
IgM 





















| No. of HT-29 tumor- 5 (1.7) 2 (0.7) 
reactive clones 


(% of wells plated) 


-È No. of stable HT-29 0 4 1 
hee tumor reactive clones 
| No. of CEA-reactive 0 2 0 


clones 
Names of stable clones 


1 (0.3) 















CEA 20-1, CEA 40-1 
CEA 20-2, 
CEA 20-3, 


CEA 20-4 


CIVI indicates in vitro immunization; CEA, carcinoembryonic antigen. 

tWe used lymphocytes from a single lymph node of a patient with colon 
-cancer to generate human monoclonal antibodies by three protocols, two of 
-which used different doses of CEA. 











_ commonly encountered in a majority of colorectal cancers. (2) 
_. The serum level of CEA in general is less than 20 pg/L, unless 
_ extensive metastases are present. Would a higher dose of 
_ CEA have stimulated more efficient IVI? Lymphocytes from 

-a single lymph node (B1) were used for IVI protocols with 
_ .CEA at both 20 and 40 pg/L (Table 3). The baseline control 
_ was fusion between B1 lymphocytes and SHFP-1 cells with- 
— cout CEA. In vitro immunization with CEA at either 20 or 
_ 40 pg/L resulted in significantly higher fusion frequencies and 
| greater numbers of HT-29 tumor-reactive hybridomas. In 
-vitro immunization with CEA at 20 ug/L, however, achieved 
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a 200% incrzase in hybridoma generation and HT-29 tumor- 
reactive clones compared with the IVI protocol with CEA at 
40 pg/L. Ir addition, IVI with CEA at 20 pg/L was more 
effective in stimulating IgG secretion, although the IgG 
clones werenot reactive to HT-29 cells. Our results suggested 
that 20 g/L was the appropriate dose for IVI protocols using 
CEA as theimmunogen. 

Clones secreting HT-29 tumor-reactive HuMAbs at the 
96-well stage were expanded. The reactivity of each clone 
after expansion was retested by ELISA. It was surprising to 
discover that some human IgMs bound to the ELISA plates in 
the absence of antigen. This nonspecific binding could not be 
blocked wit. either phosphate-buffered saline—bovine serum 
albumin solution or fetal calf serum. A new standard for 
determining the positive results of ELISA was established, 
as describe] in the “Materials and Methods” section. The 
supernatants of all expanded clones were further tested by 
cytoimmuneperoxidase staining of HT-29 cells. The results of 
ELISA wita the new criteria and cytoimmunohistochemical 
staining demonstrated a close correlation between the two 
assays (Talles 4 and 5), Sixteen clones were shown to be 
reactive to HT-29 cells by ELISA. Four of these 16 clones 
were also reactive to CEA. No false-positive clones were 
identified by our new criteria for ELISA compared with 
eytoimmuncperoxidase staining. There was only one false- 
negative clone according to the new criteria. Therefore, our 
data suggessed that the two criteria for selecting the tumor- 
reactive clones by ELISA were valid. Figure 3 shows colon 
cancer cells: stained with phosphate-buffered saline~bovine 
serum albumin solution, negative clone PA2-23, strong posi- 
tive clones 3K1 and PA1-2, and moderately positive clones 
PA2-4 and EA1-1. Cells from an additional colon cancer line, 
CaC02, were used as target cells in ELISA and cytoimmuno- 
peroxidase staining. The results were in accordance with 
those using -IT-29 cells. 


COMMENT 


Monoclonal antibodies represent a class of highly specific 
probes for epitopes on tumor-cell surface antigens. Human 
monoclonal antibodies are particularly desirable for clini- 
cal applicat.ons. The theoretical advantages of antitumor 
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Table 4.—IgM-Secreting Clones With Nonspecific Binding to ELISA Plates* 


Optical Density 
Saath Dye phe Tar aed Cytoimmunoperoxidase 
Antigen-Coated Antigen-Coated Non-Antigen-Coated Staining of 
ELISA Platet ELISA Plate¢ ELISA Plate§ HT-29 Smear 





*ELISA indicates enzyme-linked immunosorbent assay; CEA, carcinoembryonic antigen. 

tHT-29 was coated onto Falcon type Ill flexible plates (Becton-Dickinson, Oxnard, Calif); CEA was coated onto either immulon 1 (Dynatech Laboratories Inc, 
Chantilly, Va) or immunoplate-1 plates (A/S Nunc, Kamstrup, Va). 

Sample optical density. 

§False optical density, nonspecific binding of supernatant to plates without antigen coating. 





Table 5.—HT-29 Tumor-Reactive Clones Identified 


















After Expansion 
Reactivity 
Names to HT-29 Cytoimmunoperoxidase 
of Lymph and CaCO2 Staining of HT-29 
Clones Node by ELISA* and CaCO2 Smeart 
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PA1-2 Al + ++ 
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CEA20-2 B1 + ++ 
CEA20-3 B1 + + 
CEA20-4 B1 + + 
CEA40-1 B1 + + 
SK1 Cc + ++ 
SK2 Cc + + 





*ELISA indicates enzyme-linked immunosorbent assay. Reactivities were 
determined by either criterion A or criterion B (see the “Materials and Methods” 
section). Plus sign indicates a positive reaction; minus sign, a negative reaction. 

tReactivities of antibodies were determined by the presence or absence of 
a color reaction. Plus sign indicates a moderately intense color reaction; two 
plus signs, a strong color reaction. 

A false-negative clone by ELISA screening. 


Fig 3.—Cytoimmunoperoxidase staining (original magnification 
x 400) of HT-29 cells with various human monoclonal antibodies. a 
and b, Negative control with phosphate-buffered saline—bovine serum 
albumin solution (a) and negative staining with PA2-23 (b). c and d, 
Strong positive staining with SK1 (c) and PA1-2 (d). e and f, Moderate 
staining with PA2-4 (e) and PA1-1 (f). 
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HuMAbs include the following: (1) Human monoclonal anti- 
bodies avoid cross-species sensitization. (2) Human mono- 
clonal antibodies may recognize subtle tumor antigens that 
can be easily masked by strong, species-specific antigens on 
the tumor cells in an animal system. (3) The asparagine-linked 
carbohydrate moiety is more compatible with Fe receptors on 
human effector cells than with those of mouse antibodies. 
However, the preparation of HuMAbs specific to tumor- 
associated antigens has been troubled by a lack of known 


_-» tumor-specific antigens and by an inability to sensitize human 


subjects with tumor preparations. 

Reports have indicated that cancer patients may have cir- 
culating antitumor antibodies. ”” Lymphocytes from lymph 
nodes,”"*** peripheral blood lymphocytes,” lymphocytes 


from malignant pleural effusions,” and spleen lymphocytes” 


of cancer patients have all been used as the source of tumor- 
specific B lymphocytes. These findings suggest the possibility 
of an ongoing humoral immune response in cancer patients 
toward tumor-associated antigens. Our study also supports 


_. the idea that lymphocytes from cancer patients may be used 


-as a source of tumor-specific B lymphocytes. However, tu- 
~ ‘mor-specific B lymphocytes are extremely rare. In addition, 
they may not be in an activated stage that will facilitate cell 
- hybridization. As a result, the yield of clinically interesting 
_. HuMAbsis poor in general. 
_.. A primary IVI of normal human lymphocytes suggested 
that an antigen-driven clonal expansion of B lymphocytes 
_’ facilitates fusion and gives rise to more hybridomas with a 
_. defined specificity." An antisarcoma HuMAb was produced 
-by such a primary IVI of human splenic lymphocytes with a 
defined sarcoma antigen." 
© To effectively generate tumor-specific HuMAbs, a combi- 
nation of lymphocytes from cancer patients and IVI was 
studied. Our data suggest that IVI significantly improved 
fusion frequencies compared with a non-IVI protocol. In addi- 
tion, the number of tumor-reactive clones was also increased 
by IVI. This might be related to a selective expansion of 
antigen-stimulated B lymphocytes. Four CEA-reactive 
HuMAbs were generated by the IVI protocol with CEA. To 
our knowledge, this is the first report to describe any 
< CEA-reactive antibodies completely human in origin, al- 
-| though the specificities of these antibodies to CEA have not 
~~ been determined. 
=. One of the major problems encountered in our IVI study 
was that, although more IgG- and IgA-secreting hybridomas 


were produced, an IgG-secreting clone reactive to HT-29 was 


not obtained. There are several possible explanations. Car- 
_. eincembryonic antigen may not be an ideal antigen for stimu- 
-lating human B lymphocytes against colon cancer. Our study 
-.. showed that none of the anti-CEA hybridomas were obtained 

< using the non-IVI protocol. It is possible that a primary 


_. immune response against CEA is absent in these patients. 
Thus, an IVI with CEA would fail to stimulate a secondary 


_ immune response (ie, antigen-specific IgG). Furthermore, 


CEA is a soluble antigen that, in general, requires a higher 


_ degree of T helper function than a particulate antigen in the 
_. production of specific antibodies. T helper lymphocytes in our 
system might be insufficient to support the CEA-driven im- 


_- mune response. In the future, colon cancer cells instead of 


-< CEA will be tested as an immunogen in the IVI protocols. In 

~ addition, using a mixture of purified B lymphocytes and a 
subpopulation of T lymphocytes at various ratios may help to 
define the proper cellular requirement in IVI. Finally, a 
crucial cytokine or a combination of various cytokines respon- 
sible for isotype switching might be missing or inadequate in 
our IVI system. Further study to test interleukin 2, interleu- 
kin 4, interleukin 6, and gamma interferon in IVI may lead toa 
better understanding of the cytokines involved in isotype 
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switching ef antigen-specific human B lymphocytes. 

Regarding the conditions that stimulate B lymphocytes, 
supernatant of T cells and sMLC were both frequently used in 
IVI protozols using mouse spleen cells.“ We compared 
sPWM-T and sMLC in the IVI protocols for producing tumor- 
reactive HaMAbs. It was found that sPWM-T was superior to 
sMLC in the following ways: (1) higher fusion frequencies, 
(2) rapid appearance of hybridomas, (3) more HT-29 tumor- 
reactive clones, and (4) stable reactive clones. It is likely that 
the differences resulting from the two protocols were intrin- 
sic properties of the sPWM-T and sMLC preparations, since 
other experimental conditions were identical and a similar 
trend was demonstrated by lymphocytes from all three lymph 
nodes. The other possibility for the inferior quality of sMLC 
was that she lymphocytes used to prepare sPWM-T and 
sMLC were completely different. In sMLC, the allogenic 
lymphocytes were derived from lymph nodes of two different 
patients. These lymphocytes were not treated with L-leucine 
methyl] ester. In contrast, sPWM-T was derived from periph- 
eral blood lymphocytes of a healthy donor. The T cells were 
purified by the E-rosette technique. The cytotoxic T lympho- 
cytes and T suppressor cells were removed by L-leucine 
methyl ester to enrich the T helper lymphocytes. Neverthe- 
less, under the given conditions, sPWM-T appeared to be 
more suitable than sMLC for IVI. 

An unexpected finding in this study was that several human 
IgMs adhered to ELISA plates nonspecifically. This nonspe- 
cific bindimg was not blockable by bovine serum albumin or 
fetal calf s2rum. This cautions us to not depend solely on the 
conventior.al interpretation of ELISA results. Two criteria 
were estat lished to accommodate the high OD reading associ- 
ated with the binding of some human IgMs to the ELISA 
plates. Cycoimmunoperoxidase staining of target tumor cells 
by each sudernatant was employed to verify the validity of the 
new criteria for selecting positive clones by ELISA. The 
specificity of our new criteria was 100% and the sensitivity 
was 94%. 

To our knowledge, there have been no reports of data 
obtained ty using a combination of lymphocytes from cancer 
patients and IVI to produce anti-tumor HuMAbs. However, a 
combinatien of tumor-infiltrating lymphocytes and in vitro 
activationay pokeweed mitogen has recently been reported.” 

Human monoclonal antibodies SKI, PA1-2, and PA3-1 are 
currently being evaluated for their tumor specificity. The 
carcinoma-specific antibody will be developed in clinical trials 
among patients with colon cancer. The epitopes recognized by 
three HuMAbs will be characterized by biochemical and 
imunohist xchemical methods. Human monoclonal antibodies 
generated by the method we have described are likely to be 
clinically useful antibodies. They may also provide a powerful 
tool to study the biologic characteristics of human cancer. 


The authors thank Parviz Haghighi, MD, for providing the histologic illustra- 
tions and Dawn Corser for assistance in preparation of the manuscript. 
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Results of a Multicenter Trial Comparing 
Imipenem/Cilastatin 
to Tobramycin/Clindamycin 
for Intra-abdominal Infections 





JOSEPH S. SOLOMKIN, M.D., E. PATCHEN DELLINGER, M.D., 
NICOLAS V. CHRISTOU, M.D., Ph.D., RONALD W. BUSUTTIL, M.D., Ph.D. 


“We designed a multicenter study to 
compare tobramycin/clindamycin to 
imipenem/cilastatin for intra- 
abdominal infections. We included 
the Acute Physiology and Chronic 
Health Evaluation (APACHE H) index 
of severity and excluded patients 
without established infection. Two 
hundred ninety patients were enrolled, 
of whom 162 were evaluable [81 
patients in each treatment group]. 
Using logistic regression to analyze 
both cutcome at the abdominal site of 
infection and outcome as mortality, we 
found a significant correlation for both 
with APACHE I score (p<0.0001 for 
both). Next we analyzed the residual 
effect of treatment assignment and 
found a significant improvement in 
outcome for imipenem/cilastatin- 
treated patients (p=0.043).” 


“The differences in outcome were 
explained by a higher failure rate for 
patients with gram-negative organisms 
for tobramycin/clindamycin-treated 
patients (p=0.018).” 


PRIMAXIN is indicated for the treatment of 
intraabdominal infections caused by organisms 
designated in the Prescribing Information. 
PRIMANIN is contraindicated in patients who have 
shown hypersensitivity to- any component of this 
product. Before initiating therapy with PRIMAXIN, 
careful inquiry should be made concerning previous 


_ .. hypersensinvity reactions to penicillins, cephalo- = 
+) 2 osporins. other beta-lactams: and other alleroens > 


FAILURE AS A FUNCTION OF APACHE HI SCORE 
AND ANTIBIOTIC REGIMEN — PATIENTS WITH 
GRAM-NEGATIVE INFECTIONS 
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Results for evaluable patients harboring 
gram-negative organisms. APACHE I score 
(X*=8.95, p=0.0028) and treatment (X’=3.65, 
p=0.0175) were both significant predictors of 
failure for this patient group. 


“This study supports inclusion of 
severity scoring in statistical 

analyses of outcome resullts.... 
Imipenenycilastatin was found to 

be significantly more effective against 
facultative gram-negative organisms 
than tobramycin....” (Ann. Surg. 


212:581-591, 1990.) 
PRI IN 


(Imipenem-Cilastatin Sodium|MSD) 
DEFINING A NEW STANDARD’ 
FOR EMPIRIC THERAPY 


* when indicated organisms are suspected at indicated sites 


If an allergic reaction to PRIMAXIN occurs, 
discontinue the drug. Serious hypersensitivity 
reactions may require epinephrine and other 
emergency measures. 

For a Brief Summary of Prescribing Information, please 
see the following page. 


- Copyright © 1990 by Merck & Ca., Inc. 

















(Imipenem-Cilastatin Sodium|MSD) 


DEFINING A NEW STANDARD' 
FOR EMPIRIC THERAPY 


* when indicated organisms are suspected at indicated sites 


Contraindications: PRIMAXIN® (Imipenem-Cilastatin Sodium, MSD) is contraindicated in 
patients who have shown hypersensitivity to any component of this product. 


Warnings: SERIOUS AND OCCASIONALLY FATAL HYPERSENSITIVITY (anaphylactic) REAC- 
TIONS HAVE BEEN REPORTED IN PATIENTS RECEIVING THERAPY WITH BETA LACTAMS. 
THESE REACTIONS ARE MORE APT TO OCCUR IN PERSONS WITH A HISTORY OF SENSITIVITY 
TO MULTIPLE ALLERGENS. 


THERE HAVE BEEN REPORTS OF PATIENTS WITH A HISTORY OF PENICILLIN HYPERSENSI- 
TIVITY WHO HAVE EXPERIENCED SEVERE HYPERSENSITIVITY REACTIONS WHEN TREATED 
WITH ANOTHER BETA LACTAM. BEFORE INITIATING THERAPY WITH ‘PRIMAXIN,* CAREFUL 
INQUIRY SHOULD BE MADE CONCERNING PREVIOUS HYPERSENSITIVITY REACTIONS TO 
PENICILLINS, CEPHALOSPORINS, OTHER BETA LACTAMS, AND OTHER ALLERGENS. IF AN 
ALLERGIC REACTION TO ‘PRIMAXIN’ OCCURS, DISCONTINUE THE DRUG. SERIOUS HYPER- 
SENSITIVITY REACTIONS MAY REQUIRE EPINEPHRINE AND OTHER EMERGENCY MEASURES. 


Pseudomembranous colitis has been reported with virtually all antibiotics, including PRIMAXIN. 
therefore it is important to consider its diagnosis in patients who develop diarrhea in association 
with antibiotic use. This colitis may range in severity from mild to life threatening 


Mild cases of pseudomembranous colitis may respond to drug discontinuance alone. In more 
severe cases, management may include sigmoidoscopy, appropriate bacteriological studies, 
fluid, electrolyte, and protein supplementation, and the use of a drug such as oral vancomycin, 
as indicated. Isolation of the patient may be advisable. Other causes of colitis shouid also be 


considered. 


Precautions: General- CNS adverse experiences such as confusional states, myoclonic activity, 
and seizures have been reported during treatment with PRIMAXIN, especially when recom- 
mended dosages were exceeded. These experiences have occurred most commonly in patients 
with CNS disorders (é.g.. brain lesions or history of seizures) and/or compromised renal func- 
tion, However, there have been reports of CNS adverse experiences in patients who had no rec- 
ognized or documented underlying CNS disorder or compromised renal function. 


Patients with severe or marked impairment of renal function, whether or not undergoing hemo- 
dialysis, had a higher risk of seizure activity when receiving maximum recommended doses than 


~ those with no impairment of renal function; therefore, maximum recommended doses should 


1600 


be used only where clearly indicated (see DOSAGE AND ADMINISTRATION). 


Patients with creatinine clearances of <5 mL/min/1.73 m? should not receive PRIMAXIN unless 
hemodialysis is instituted within 48 hours. 

For patients an hemodialysis, PRIMAXIN is recommended only when the benefit outweighs the 
potential risk of seizures. 

Close adherence to the recommended dosage and dosage schedules is urged, especially in 
patients with known factors that predispose to convulsive activity. Anticonvulsant therapy 
should be continued in patients with known seizure disorders. If focal tremors, myoclonus, or 
seizures occur, patients should be evaluated neurologically, placed on anticonvulsant therapy if 
not already instituted, and the dosage of PRIMAXIN re-examined to determine whether it should 
be decreased or the antibiotic discontinued. 

As with other antibiotics, prolonged use of PRIMAXIN may result in overgrowth of nonsuscepti- 
bie organisms. Repeated evaluation of the patient's condition is essential. If superinfection 
occurs during therapy, appropriate measures should be taken, White PRIMAXIN possesses the 
characteristic low toxicity of the beta-lactam group of antibiotics, periodic assessment of organ 
system function during prolonged therapy is advisable. 

Drug Interactions - Generalized seizures have been reported in patients who received ganciclovir 
and PRIMAXIN. These drugs should not be used concomitantly unless the potential benefits out- 
weigh the risks. 

Since concomitant administration of PRIMAXIN and probenecid results in only minimal 
increases in plasma levels of imipenem and plasma half-life, it is not recommended that pro- 
benecid be given with PRIMAXIN. 

PRIMAXIN should not be mixed with or physically added to other antibiotics. However, 
PRIMAXIN may be administered concomitantly with other antibiotics, such as aminoglyco- 
sides. 

Carcinogenesis, Mutagenesis, impairment of Fertility ~ Gene toxicity studies were performed in 
a variety of bacterial and mammalian tests in vivo and in vitro. The tests were: V79 mammalian 
cell mutation assay (PRIMAXIN alone and imipenem alone), Ames test (cilastatin sodium 
alone}, unscheduled DNA synthesis assay (PRIMAXIN), and in vivo mouse cytogenicity test 
{PRIMAXIN}. None of these fests showed any evidence of genetic damage. 

Reproduction tests in male and female rats were performed with PRIMAXIN at dosage levels up 
to 8 times the usual human dose. Slight decreases in live fetal body weight were restricted to the 
highest dosage level. No other adverse effects were observed on fertility, reproductive perfor- 
mance, tetai viability, growth, or postnatal development of pups. Similarly, no adverse effects on 
the fetus or on lactation were observed when PRIMAXIN was administered to rats late in gesta- 
tion. 

Pregnancy - Pregnancy Category C: Teratogenicity studies with cilastatin sodium in rabbits and 


rats at 10 and 33 tines the usual human dose, respectively, showed no evidence of adverse effect 
on the fetus. No evidence of teratogenicity or adverse effect on postnatal growth or behav- 
ior was observed = rats given imipenem at dosage levels up to 30 times the usual human dose. 
Similarly, no evidence of adverse effect on the fetus was observed in teratology studies in rabbits 
with imipenem at dosage levels at the usual human dose, 


Teratology studie=with PRIMAXIN* (Imipenem-Cilastatin Sodium, MSD) at doses up to 11 times 
the usual human dose in pregnant mice and rats during the period of major organogenesis 
revealed no evidewce of teratogenicity. 


Data from prelimieary studies suggest an apparent intolerance to PRIMAXIN (including emesis, 
inappetence, bod* weight loss, diarrhea, and death) at doses equivalent to the average human 
dose in pregnant abbits and cynomoigus moneys that is not seen in nonpregnant animals in 
these or other species. In other studies, PRIMAXIN was well tolerated in equivalent or higher 
doses (up to 11 times the average human dose) in pregnant rats and mice. Further studies are 
under way to evaluate these findings. 


There are, however, no adequate and well-controlled studies in pregnant women. PRIMAXIN 
should be used oriy if the potential benefit justifies the potential risk to the fetus. 


Nursing Mothers - it is not known whether this drug is excreted in human milk. Because many 
drugs are excretee in human milk, caution should be exercised when PRIMAXIN is administered 
to a nursing woman 


Pediatric Use - Seety and effectiveness in infants and children below 12 years of age have not 
yet been establisted. 


Adverse Reactions: PRIMAXIN is generally well tolerated. Many of the 1,723 patients treated in 
clinical trials were severely it! and had multiple background diseases and physiological impair- 
mena aking it sifficult to determine causal relationship of adverse experiences to therapy with 


Local Adverse Rezctions — Local adverse clinical reactions that were reported as possibly, prob- 
ably, or definitely: related to therapy with PRIMAXIN were: phiebitis/thrombophlebitis my 
pain at the injection site (0.7%), erythema at the injection site (0.4%), vein induration (0.2%), 
infused vein infeccion {0.1%}. 

Systemic AdverseReactions — The most frequently reported systemic adverse clinical reactions 
that were reported as possibly, probably, or definitely related to PRIMAXIN were: nausea 
(2.0%), diarrhee (1.8%), vomiing y 5%), rash (0.9%), fever (0.5%), hypotension (0.4%), 
seizures (0.4%) see PRECAUTIONS), dizziness (0.3%), pruritus (0.3%), urticaria (0.2%), 
somnolence (0.2%). 


Additional adverse systemic clinical reactions reported as possibly, probably, or definitely drug 
refated occurringin less than 0.2% of the patients or reported since the arug was marketed are 
listed within exch body system in order of decreasing severity: Gastrointestinal ~ 
pseudomembranaus colitis (see WARNINGS), hemorrhagic colitis, hepatitis (rarely), gastroen- 
teritis, abdomin:l pain, gosts, tongue papillar hypertrophy, heartburn, pharyngeal pain, 
increased salivaton; CNS — encephalopathy, tremor, confusion, myoclonus, paresthesia, ver- 
tigo, headache, asychic disturbances; Special Senses - transient hearing loss in patients with 
impaired hearing: tinnitus, taste perversion; Respiratory ~chest discomfort, dyspnea, hyperven- 
tilation, thoracic:spine pain; Cardiovascular ~ palpitations, tachycardia, Skin — toxic epidermal 
necrolysis (rarel}, erythema multiforme, facial edema. flushing, cyanosis, hyperhidrosis, skin 
texture changes candidiasis, pruritus vu'vae; Body as a Whole ~ polyarthraigia, asthenia/weak- 
ness: Renal -acate renal failure (rarely), oliguria/anuria, polyuria. The role of PRIMAXIN in 
changes in renal unction is difficult to assess, since factors predisposing to pre-renal azotemia 
or to impaired resal function usually have been present. 


Adverse Laboratcry Changes — Adverse laboratory changes without regard to drug relationship 
that were reported during clinical trials or reported since the drug was marketed were: Hepatic~ 
increased SGPT SGOT, alkaline phosphatase, bilirubin, and LDH: Hemic ~ increased eosino- 
phils, positive Coombs test, decreased WBC and neutrophils, including agranulocytosis, 
increased WBC, increased platelets, decreased platelets, decreased hemogiobin and hemato- 
crit, increased monocytes, abnormal prothrombin time, increased lymphocytes, increased 
basophils: Electrolytes ~ decreased serum sodium, increased potassium, increased chloride; 
Renal — increased BUN. creatinine: Urinalysis ~ presence of urine protein, urine red blood celts, 
urine white bloos cells, urine casts, urine bilirubin, and urine urobilinogen. 


NOTE: Due to the high antimicrobial activity of PRIMAXIN, it is recommended that the maximum 
total daily dosage:not exceed 50 mg/kg/day or 4.0 giday, whichever is lower. 

How ied: FRIMAXIN is supplied as a sterile powder mixture in vials, infusion bottles, and 
single-dose ADC-Vantage*’ vials containing imipenem anhydrous and cilastatin sodium as fol- 
iows: 250 mg inapenem equivalent and 250 mg cilastatin equivalent, 500 mg imipenem equiva- 


lent and 500 mgcilastatin equivalent. 
Caution: The suspension frem vials is not for direct infusion. M S D 


tRegistered tracemark of Abbott Laboratories, Inc. MERCK 
For more detailed information, consult your MSO Representative or see 

Prescribing Information. Merck Sharp & Dohme, Division of Merck & Co., INC., HARP: 
West Point, PA 9486 JOPR46(410) HME 


Detection of Primary Colorectal Cancer With — 
Indium 111 Monoclonal Antibody B72.3 


Ralph J. Doerr, MD; Hani Abdel-Nabi, MD, PhD; Jon M. Baker, MD; Steven Steinberg, MD 


© B72.3 is. a murine monoclonal antibody of the immunoglobu- 

lin subclass IgG1 directed against TAG-72, a cell surface antigen 
present on colorectal carcinoma cells. We investigated the utility 
of scanning with indium 111-labeled B72.3 in 16 patients with a 
high clinical suspicion of or biopsy-proven primary colorectal 
cancer. Each patient received 1 or 2 mg of B72.3 monocional 
antibody labeled with 152 MBq of indium 111. Patients underwent 
scanning 2 to 3 days and 7 days after infusion by planar and 
emission computed tomography. Nineteen lesions were con- 
-firmed in 12 patients: Three patients with benign polyps had true- 
_ negative monoclonal antibody scans. indium 111—labeled imag- 
of 872.3 detected nine of 19 lesions. Unsuspected tumor sites 











_ Were identified by monoclonal antibody scan in three patients. By 
‘detection of additional abdominal disease and extra-abdominal 
spread, indium 111—labeled scanning of B72.3 directly affected 
treatment in 18% of patients. _ 

(Arch Surg. 1990;%25:1601-1605) 


Prey colorectal carcinoma is usually diagnosed with a 
combination of physical examination, barium enema, sig- 
moidoscopy, or colonoscopy with biopsy. Accurately deter- 
mining the extent cf tumor both locoregionally and at distant 
_ Sites forms the basis for staging and influences the therapeu- 
_ tic approach. Despite new advances in cross-sectional imag- 
ing with ultrasound, computed tomographic (CT) sean, and 
_ ‘Magnetic resonance imaging, staging is incomplete and ordi- 
_ harily awaits histopathologic examination of the specimen, 
Recently, the strategy for presurgical detection and staging 
has been expanded by the use of monoclonal antibodies 
(MoAbs) labeled with radioisotopes directed against tumor- 
associated antigens. Excellent tumor localization has been 
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achieved with minimal reported toxicity,’ 
Monoclonal antibody B72.3 targets the tumor-associated 
glycoprotein TAG-72 found on the cell surface of up to 94% of 


colon adenocarcinomas.’ In previous studies, B72.3 labeled 


with iodine 131 demonstrated 75% of tumor lesions with 
excellent ratios of tumor to normal tissue.” A variety of tumor 
sites including primary, recurrent, and metastatic colorectal _ 
lesions have been identified by radioisotope concentration, 
including occult tumors missed by conventional diagnostic © 
tests. 


In this study, we present the effectiveness of indium = 


111-labeled B72.3 immunoseintigraphy in localizing primary 


colorectal cancers and the locoregional and distant spread at 


the time of presentation. 
MATERIALS AND METHODS 


A total of 16 patients were studied under this prospective, multi- 
institutional, open-labeled, nonrandomized trial. All patients were 
men whose ages ranged from 60 to 79 years, with a mean+SD of 
87.9 + 5.4 years. Thirteen patients were suspected of having primary 
colorectal cancer. All 13 patients had colonoscopy- or biopsy-proven 
adenocarcinoma of the colon and/or rectum. Three patients had multi- 
ple polyps. The preinfusion workup in all the patients included the’ 
following: (1) physical examination, (2) history pertinent to-previous 
MoAb injection and concomitant medications, (3) blood workup in- 
eluding complete blood cell count with differential, platelets, liver 
functions, kidney functions, and tests. Patients also had serum TAG- 
72 level evaluations. Prior to the antibody infusions, a baseline serum 
sample was obtained for the evaluation and the study of the develop- 
ment of human antimouse antibodies. Diagnostic workup included a 
colonoscopy on all patients, barium enema (double contrast in all 
patients), CT scan of the abdomen and pelvis, chest roentgenograms, 
and baseline electrocardiogram. 

After giving informed consent according to the local institutional 
review board requirements, each patient received either 1 or 2megof 
B72.3 labeled with 162.8 to 185 MBq of “In. The B72.3 ™In labeled 
by the carbohydrate linker specific technique of glycyl-tyrosyl-dieth- 
ylenetriaminepentaacetic acid is referred to as CYT-108. Planar and: 


single photon emission CT imaging was performed 3 days and Sto 7. 


days following the infusion. All patients went to surgery within 3 te 
16 days after the second scanning session: The results of the seans 
were communicated to the surgeon prior to.the scheduled surgery, 
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Findings in Patients With CYT-103 immuroscintigraphy* 








Patient No./ 


















































































































Disease Site Histologic Tumor Cells Additional Lesions 
Age, y at Presentation Findingst Expressing TAG-72, % Found on MoAb 
1/68 Sigmoid coton$ Adenocarcinoma 50 Right iliac bone 
Rectum} Adenocarcinoma 50 
2/60 Ascending colon MWD adenocarcinoma, 
metastatic lymph 
node (2/3) 
3/59 Ascending colon, Polyps: necrosis and 
transverse colon marked dysplasia 
4/60 Suspected hepatic flexure Not done Left 6th rib 
Right lobe of liver MWD adenocarcinoma 7th, 8th thoracic vertebrae, iliac 
bone bilaterally 
5/66 Rectum WD adenocarcinoma Laa an 
6/66 Ascending colont MWD 15 Left supraclavicular lymph node 
Liver Metastatic adenocarcinoma 
with necrosis, metastatic 
lymph node (11/25) 
7/69 Colonic polyps Multiple polyposis Ra 
8/67 Hepatic flexuret MWD 90 
9/75 Ascending colon polyp Adenocarcinoma in situ 
10/72 Ascending colont Adenocarcinoma 60 
11/79 Sigmoid MWD adenocarcinoma sin 
12/69 Hepatic flexuret MWD adenocarcinoma 60 
Liver Metastatic 30 
adenocarcinoma, 
metastatic lymph 
node (2/2) 
13/64 Rectum Focus adenocarcinoma in ND 
villous adenocarcinoma 
14/68 Cecum WD adenocarcinoma in a 


villous adenoma 


MWD adenocarcinoma 
arising from villous 
adenoma 


Tubular adenomas (5) 










Ascending colon 


*MWD indicates moderately well differentiated; WD, well differentiated; TAG-72, a cell surtace antigen present on colorectal carcinoma; MoAb, monocional 
antibody; and ND, not done. 

+Numbers in parentheses indicate number of lymph nodes. 

+Positive findings on MoAb scan. Patient 4 had a negative cold defect finding on MoAb scan. 


RESULTS 


_. Nineteen separate adenocarcinoma lesions were identified 
_ in 12 patients (Table) at the following locations: bowel, 12 (five 
inthe rectosigmoid, one in the transverse colon, and six in the 
‘cecum and ascending colon); lymph node, four (three in the 
mesenteric and one in the neck); and liver, three. Three 
patients with a preoperative diagnosis of polyps were con- 
“firmed at surgery to have benign polyps. One patient had 
complete excision of adenocarcinoma in situ in a rectal villous 
adenoma. In these four patients, the “In scans had negative 
_ results and were considered to be true negative findings. In 
the remaining 12 patients, seven had only one lesion, while 
five had several lesions either in the regional site of the tumor 
__ or distant metastases to the liver, lymph nodes, or bone. 
-< Results of CYT-103 imaging were true-positive in seven of 
<12 bowel lesions and two of four lymph node metastatic le- 
sions. Liver lesions were missed in two patients and appeared 
as cold defect in a third patient. In three patients, previously 
unsuspected additional lesions were identified with the MoAb 
sean and were confirmed. These lesions were in the right iliac 
bone in one patient (patient 1), consistent with bone metasta- 
sis confirmed by a bone scan. In another patient (patient 4), 
there was a lesion in the left sixth rib and in the seventh and 
eighth thoracic vertebrae (Figs 1 and 2), as well as the sacroil- 
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jac joints, highly suggestive of metastatic disease to the bone. 
By open biopsy, the left sixth rib lesion was proved to be 
metastatic adenocarcinoma. In the third patient (patient 6), 
the antibody scan identified a left supraclavicular lymph node 
(Fig 3, let) that was resected and confirmed to be a metastat- 
ic adenocarcinoma from a bowel primary site (Fig 3, right). 
Incidentally, this patient also presented with a right colon 
lesion ard was worked up with the possibility of another 
primary zumor in the head and neck region. The patient was 
subsequently treated with a radical neck dissection that test- 
ed negative for a primary tumor. All lymph nodes were 
adenocarcinoma, consistent with a finding of primary tumor 
in the bowel. 

The seasitivity of the MoAb scan in this cohort of patients is 
slightly lower than expected, identifying only nine of 19 le- 
sions. Hewever, one of these lesions was carcinoma in situ and 
well beycnd the resolution of existing gamma camera capabil- 
ities. If we exclude this patient, then the MoAb scan success- 
fully identified nine of 18 lesions. Seven of 11 bowel primary 
sites were imaged and confirmed, for a sensitivity of 63%. In 
the remeining bowel lesions that tested negative for tumor, 
there was no expression of the antigen TAG-72. Thus, from an 
immunoeffinity point of view, ‘“In-labeled CYT-103 identi- 
fied all primary lesions that expressed TAG-72, for a sensitiv- 
ity of 109%. The expression of TAG-72 in the lesions varied 
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Fig 1.—Le#t, Patient 6. Posterior view of the chest following CYT-103 administration, showing two previously unsuspected 
lesions at the level of the seventh and eighth thoracic vertebrae (arrows). Center, Same patient with a large liver mass 
(arrows). Right, Bony metastases were also demonstrated (arrows) in the pelvis posteriorly. 


from 15% to 90%. Those lesions that were TAG-negative or 
had TAG in less than 5% of the cancer cells were not imaged 
with the CYT-103, thus confirming our previous observa- 
tion.” Serum TAG-72 levels, elevated in only four patients, 
had no influence on immunoscintigraphy. 

Human antimouse antibody formation was identified in 
three patients (18%). No adverse reactions or clinically signif- 
icant changes in bone marrow, liver, or kidney functions were 
detected in patients receiving ™In B72.3. 


COMMENT 


Colorectal cancer remains the most common visceral malig- 
nancy in the United States.” Despite newer diagnostic ad- 
juncts, 50% of patients harbor undetected micrometastases at 
the time of their presentation and will die of their disease.” 
More accurate staging at presentation would permit tailoring 
of adjunctive therapy to individual patients. This would re- 
quire detection of tumor deposits in lymph nodes and other 
soft tissues in the abdomen and retroperitoneal area and 
distant sites commonly missed by other diagnostic modalities. 
The identification cf occult disease could help define the surgi- 
cal procedure to be undertaken or dictate further directed 
diagnostic workup. 

Locoregional reeurrence of colorectal carcinoma is related 
to the depth of the tumor bowel wall penetration (Dukes’ B), 
presence of lymph node metastases (Dukes’ C), and invasion 
of adjacent organs ‘Dukes’ B,-C,).™ Advancing Dukes’ classifi- 
cation predicts local recurrence as well as declining 5-year 
survival.” Involvement of regional lymph nodes, while the 
most common form of colorectal cancer spread, remains diffi- 
cult to detect preoperatively. Ultrasound study and CT sean 
are of limited value in detecting pathologie lymph nodes. If 
1.5 cm represents the upper limit of normal lymph node size, 
CT scan reliably identifies lymph node metastases in only one 
third of the cases. The preponderance of nodal metastases are 
found in normal-sized lymph nodes." Recent reports of im- 
proved 5-year survival with wider, more extensive lymphad- 
ectomy at the time-of resection of a primary colorectal cancer 
makes the question of detecting lymph node metastases pre- 
operatively more important.” 

Recent observations of survival benefit accruing from en 
bloc resection of adherent or tumor-infiltrated adjacent vis- 
cera or abdominal wail at the time of the primary colorectal 
resection direct attention to a more accurate preoperative 
staging of local tumor extent." 

Metastatic spread to the liver will be found in approximate- 
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Fig 2.—Patient 6. Scan showing posterior projection. In addition to the 
thoracic spine lesions (open arrow), involvement of the left sixth rib is 
also demonstrated (closed arrow). 


ly 20% of patients at the time of diagnosis of primary colorec- 
tal carcinoma.” Among the available cross-sectional imaging 
agents, CT scan remains superior, with a sensitivity of 73% 
and specificity of 99%.” Magnetic resonance imaging has been 
useful in evaluating anatomic disposition of metastases rela- 
tive to hilar vessels and hepatic veins, crucial to planning 
operative removal. Again, smaller liver metastases are 
missed with CT scan, even with contrast-enhanced hepatic 
artery injection. 

The discovery of carcinoembryonic antigen led to a new 
concept in immunodiagnosis.” Several radiolabeled poly- 
clonal antibodies, and, more recently, MoAbs, were raised to 
these tumor-associated antigens. Subsequent work demon- 
strated that radiolabeled MoAbs could be safely injected and 
could | detect tumors with a reasonable sensitivity and specific- 
ity.” 

In this study, we successfully detected 63% of primary 


colorectal carcinomas. As we have noted before, there ig Bees 
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Fig 3, —Left, Abnormal CYT-103 accumulation identified in the left supraclavicular region (arrow). Right, Primary adenocar- 


cinoma of the ascending colon (arrow) in the same patient. 


correlation between the presence of TAG-72 in resected spec- 
imens and 'In-labeled B72.3 detectability of these lesions." 
In contrast, there is no correlation between serum TAG-72 
levels and successive tumor imaging with CYT-103. Difficulty 
in interpretation arises because of nonspecific radioaccumula- 
tion in the bowel. If the two cases with predominant bowel 
activity are excluded, the sensitivity of CYT-108 for primary 
colon lesion is 100%. The high specificity of CYT-103 is dem- 
onstrated in the three patients who presented with equivocal 
biopsies of polypoid colonic lesions. While suspicious for ade- 
nocarcinoma preoperatively, the MoAb scans showing nega- 
tive results were confirmed by the finding of benign polyps on 
resected specimens. The addition of single photon emission 
CT imaging provided better anatomic definition of the prima- 
ry tumors and resulted in improvement in tumor detection in 
four patients. 

The low rate of human antimouse antibody formation and 
absence of adverse reactions observed in this study are in 
accordance with results of recent studies with this MoAb.” In 
the four patients with mesenteric lymph node involvement, 
Tn-labeled MoAb imaging failed to detect these lesions. 
Positive lymph nodes less than 1 cm in diameter in the mesen- 
tery or retroperitoneum are below the detection capability of 
the gamma camera, even with the use of single photon emis- 
sion CT. If the lymph nodes are close to a primary tumor with 
a high uptake of radiolabeled antibodies, they are not distin- 
guishable from the primary lesion.” 

As has been previously observed, hepatic metastases can 
appear on MoAb scan as filling defects, positive accumula- 
tions, or both.” The degree of differentiation of these synchro- 
nous liver lesions, irrespective of mucin production or the 
presence of necrosis, also affects imaging accuracy.” 

The most important aspect of immunoscintigraphy is the 
ultimate impact on treatment of patients. Beatty et al” re- 
ported that the major advantage of MoAb scanning is in the 
detection of extra-abdominal metastases. In reviewing a 
large European patient experience, Baum et al” found im- 
munoscintigraphy to be helpful, primarily complementing 
other diagnostic methods, in 46% of patients. In 20% of their 
eases, the MoAb sean contributed unique formation, eg, iden- 
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tifying abdominal or lymph node metastases and pelvic recur- 
rences mised by conventional workup. Finally, immunoscin- 
tigraphy was felt to be decisive for a change in treatment 
strategy, 2g, institution of radiotherapy or second laparoto- 
my in 18%, 

In a lange multicentered trial, CYT-108 radiolabeled with 
“Tn correctly identified colorectal adenocarcinoma lesions at 
a 70% sensitivity and a 90% specificity. The investigators 
considered immunoscintigraphy to be beneficial or very bene- 
ficial in 26% of patients. The benefit accrued from detecting 
previous! occult synchronous lesions, identifying localized 
disease wthout regional or metastatic spread, and confirming 
adenocareinoma when other diagnostic test results were 
equivocal ” 

In this study, the sensitivity of the MoAb scan is slightly 
lower thaa expected, identifying only nine of the 19 confirmed 
lesions. Ifthe in situ carcinoma is excluded, and one only looks 
at lesions zhat express TAG-72 in the resected specimen, then 
CYT-103 identified all primary tumors. The variability of 
TAG-72 expression in the tumor dictates the success of im- 
munoscin-igraphy with CYT-103. 

We found MoAb scan results to directly affect the diagnos- 
tic and treatment strategy in 18% of our patients. In keeping 
with the ebservations of Beatty et al” in these patients with 
primary colorectal cancer, the MoAb scan was seen to affect 
their treatment with the detection of additional abdominal 
disease (aepatic metastasis) and extra-abdominal spread 
(bone anc distant lymph node metastases). The addition of 
targeted cross-sectional imaging and needle biopsies of 
MoAb-de:ected lesions followed by the institution of systemic 
therapy and radiotherapy defines the advantage of immuno- 
scintigraphy in this study. 

The high specificity and documented safety combine to 
make In-labeled B72.3 a promising clinical tool in the evalu- 
ation and staging of primary colorectal cancer. 
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Neurclogic Disease in Human Immunodeficiency Virus—Infected Drug Abusers 
Renée Malouf, MD; Germaine Jacquette, MD; Jay Dobkin, MD; John C. M. Brust, MD 





Previous studies of human immunodeficiency virus-related neurologic disease have been either retrospec- 
tive or have included mostly homosexual patients. We sought to determine (1) the true prevalence of 
neurolegic abnormalities in patients with acquired immunodeficiency syndrome or lymphadenopathy acquired 
immunodeficiency-related complex, and (2) whether differences in prevalence or type of neurological 
abnormality exist between parenteral drug abusers and non-parenteral drug abusers. We prospectively 
evaluated 190 adult inpatients with either acquired immunodeficiency syndrome (129) or lymphadenopathy 
acquired immunodeficiency-related complex (61); 151 (86%) were parenteral drug abusers, and 172 patients 
(91%) aad neurologic symptoms or signs. There was nc significant difference in prevalence of neurologic 
disease between parenteral drug abusers and non-parenteral drug abusers, or between patients. with 
acquired immunodeficiency syndrome and those with lymphadenopathy acquired immunodeficiency—related 
complex. The prevalence of neurologic symptoms in these patients with lymphadenopathy acquired 
immunodeficiency-related complex and acquired immunodeficiency syndrome is the highest reported to date 
and appears to reflect the prospective nature of the study (Arch Neurol. 1990;47:1002-1007). 

Reprint requests to Department of Neurology, Harlem Hospital Center, 506 Lenox Ave. New York, NY 10037 (Dr Malouf. 
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Calcium and Calcium Binding in Human 


Gallstone Disease 


Lillian G. Dawes, MD, Robert V. Rege, MD 


è Precipitation of calcium salts from bile is important in pig- 
ment gallstone formation and may serve as a nidus for cholester- 
ol precipitation. We compared gallbladder bile from patients with 
symptomatic gallstone disease (40 with cholesterol gallstones 
and 12 with pigment gallstones) with bile from 10 patients under- 
going surgery for non-biliary tract disease. Bile from patients 
with gallstone disease was less concentrated, with decreased 
sodium, bile salt, and phospholipid concentrations, but elevated 
biliary calcium concentrations were not observed. The relation- 
ship between free ionized calcium and total calcium was similar 
in all groups, indicating no difference in calcium binding by 
gallstone-containing bile. We cannot exclude elevated biliary 
calcium level as a factor in gallstone pathogenesis, as it could be 
a transient event. The importance of calcium precipitation was 
supported by our finding that more than half of the samples were 
saturated or supersaturated with at least one calcium salt, calci- 
um carbonate. 

(Arch Surg. 1990;125:1606-1609) 


S upersaturation of bile with cholesterol is a known prereq- 
uisite for the formation of cholesterol gallstones, the most 
common type of gallstone in the United States.'” Yet, bile is 
normally supersaturated with cholesterol during the interdi- 
gestive period and gallstones do not develop in everyone with 
bile supersaturated with cholesterol.’ Other factors—nucle- 
ating or antinucleating agents —have been shown to influence 
cholesterol precipitation and to help to determine ifand when 
it will occur.“ Calcium salts are found in the center of most, if 
not all, cholesterol gallstones,° leading to the hypothesis that 
calcium salt precipitates may act as a “nidus” for cholesterol 
gallstone formation and precipitate on the surface of these 
stones, interfering with dissolution therapy and gallstone 
lithotripsy. Moreover, 10% to 27% of patients have pigment 
gallstones composed largely of calcium salts of bilirubinate, 
carbonate, phosphate, or palmitate.’ Calcium salts, there- 
fore, play an important role in the pathogenesis of all types of 
gallstones.’ 

To determine whether elevations in biliary calcium level 
occur routinely in patients with gallstones, we compared bile 
from patients with cholesterol and pigment gallstones, re- 
trieved at the time of cholecystectomy, with bile from pa- 
tients without hepatobiliary disease. A reduction in the de- 
gree of gallbladder bile concentration but no elevations in 
biliary calcium concentrations were found in patients with 
gallstones at the time of operative treatment for symptomatic 
galistones. 
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PATIENTS AND METHODS 


Gallbladder bile was collected from 62 patients at laparotomy 
through a protocol approved by the Institutional Review Board of 
Northwes:ern University, Chicago, Ill, and informed consent was 
obtained ia each case. All patients fasted for a similar period begin- 
ning the night before surgery. Patients with acute cholecystitis, 
cystic duc. obstruction, abnormal results of liver function tests, or 
bacterial infection and those receiving parenteral nutrition were 
excluded. *ifty-two patients had symptomatic chronic cholelithiasis, 
while 10 centrol patients were undergoing elective upper abdominal 
operations for diseases unrelated to biliary tract disease. Bile was 
aspirated trom the fundus of the gallbladder into a syringe with a 20- 
gauge needle. In control patients, the needle puncture site was closed 
with a 6-0 orolene suture to ensure that no bile leakage occurred. Air 
was removed from the syringe, and the syringe was capped, protect- 
ed from light, placed on ice, and transported to the laboratory anaero- 
bically for mmediate analysis of pH, PCO, total calcium, free ionized 
calcium (Ca**), sodium, and potassium levels, as previously report- 
ed.” Bicarkonate and carbonate concentrations were calculated with 
use of the Henderson-Hasselbalch equation, and calcium carbonate 
saturation: indexes (SIs) were determined with use of a solubility 
product (Esp = 3.78 x 10”), as previously described.*” 

Aliquots of bile were diluted with isopropanol and frozen for later 
determinazion of cholesterol and phospholipid concentrations by end- 
point enzy-natie methods with use of a phospholipid kit (Wako Corpo- 
ration, Osaka, Japan) and a cholesterol assay kit (Boehring-Mann- 
heim Biozhemical, Mannheim, Federal Republic of Germany). 
Similarly, aliquots of bile were diluted with methanol and frozen for 
later determination of total bile salt (BS) concentrations by the 3-a- 
hydroxyst2roid dehydrogenase method.” Cholesterol SIs were de- 
termined by the method of Thomas and Hofmann.” Gallstones were 
classified ky visual inspection and/or infrared spectra analysis. » 

Statistical analysis was performed with analysis of variance to 
compare cifferences between groups. Multiple regression analysis 
was used #0 assess relationships between variables. P<.05 was con- 
sidered significant. 


RESULTS 


No coraplications, such as bile leaks or postoperative sub- 
hepatic imfections, occurred as a result of bile sampling. Gall- 
bladders in control patients appeared normal on visual inspec- 
tion and contained no gallstones by palpation. Twenty-five 
(approximately 50%) of patients with gallstones underwent 
infrared analysis of their gallstones. Gallstones were classi- 
fied as cholesterol gallstones if they contained greater than 
25% cholzsterol by weight or pigment gallstones if they con- 
tained large amounts of bilirubinate and less than 25% choles- 
terol. In 2very case, infrared and visual classification were in 
agreement. Of the 52 patients, 40 had cholesterol gallstones 
and 12 hed pigment gallstones. 


Biliary Acidification 
An inverse linear relationship is observed in normal bile 
between bile pH and BS concentrations. A similar relation- 
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Bile Salt Concentration, mmol/L 


Fig 1.~~Linear relationship of pH (7.65 — 0.0042 x bile salt concentra- 
tion [r= .84]) and bile salt concentration. The regression line and 95% 
confidence intervals for normal bile are shown. This relationship is not 
altered in bile from patients with gallstones. Squares indicate patients 
with cholesterol gallstones; diamonds, patients with pigment gall- 
stones; and X's, contro! patients. 


ship is seen with bile from patients with gallstones, suggest- 
ing normal bile acidification during concentration by the gall- 
bladder. Although pH in samples from patients with 
gallstones varied from control values, most of the values fell 
within the 95% confidence interval (Fig 1), and mean pH was 
slightly, although not significantly, lower in control patients 
when compared with values in patients with cholesterol gall- 
stones or pigment gallstones (Table). Mean biliary Pco, was 
higher than that in normal serum but was similar between 
groups. The calcium carbonate SIs calculated from biliary 
free Ca** and carbonate concentrations are shown in Fig 2. 
Although mean (+SD) SIs in control patients (2.54 + 1.0), 
patients with cholesterol gallstones (1.8+0.3), and patients 
with pigment gallstones (8.61+1.0) were not statistically 
different, the majority of samples, irrespective of group, 
were saturated or supersaturated (SI>1.0) with calcium 
carbonate. 


Biliary Electrolytes and Lipids 


Mean biliary sodium and potassium concentrations were 
significantly lower, while mean chloride concentration was 
slightly, although not significantly, higher in patients with 
gallstones compared with control patients (Table). These re- 
sults are consistent with a lower degree of bile concentration 
in gallbladders that contain symptomatic gallstones, irre- 
gardless of stone type. In agreement, mean BS concentration 
was decreased significantly in patients with cholesterol gall- 
stones (148 +22 mmol/L) and slightly in patients with pig- 
ment gallstones (122 + 19 mmol/L) compared with control 
patients (94+8 mmol/L). Mean phospholipid concentration 
was lower in bile from patients with cholesterol and pigment 
gallstones (83+3 mmol/L and 30+6 mmol/L, respectively) 
than in bile from control patients (61 +4 mmol/L). 

Mean cholesterol concentration was highest in control pa- 
tients (15.5 + 1.6 mmol/L) but was not statistically different in 
patients with cholesterol (13.0+1.4 mmol/L) or pigment 
(11.6+2.8 mmol/L) gallstones. However, because of de- 
creased BS and phospholipid concentrations, the molar per- 
cent of cholesterol in cholesterol gallstone-containing bile 
(9.7% +0.7%) was significantly higher than that in control 
patients (6.1% + 0.6%) and patients with pigment gallstones 
(7.2% + 1.0%) and resulted in a 1.8-fold elevation of the choles- 
terol SI in cholesterol-forming biles (patients with cholesterol 
stones, 1.12+0.2; patients with pigment stones, 0.76+0.1; 
and control patients, 0.61+0.1). 
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Cholesterol Pigment 
Control Gallstones Galistones 


6.88 +0.33 7.0320.28 7.05+0.28 
5722 50+2 5444 
22125 180+ 4* 181+ 10* 
14.2414 9.1+0.6* 9.9% 1.4* 
§7213 75+6 7011 
1.4401 1.71402 
5.7+0.4* 642+0.8 














Potassium, mmol/L 
Chioride, mmol/L 
Free ionized calcium, mmol/L 1.65+0.1 











Total calcium, mmol/L 7.98+1.1 
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Fig 2.— Saturation indexes for calcium carbonate. Although the aver- a 
age saturation index for calcium carbonate is similar for bile from 


control patients and bile from patients with cholesterol and pigment 
gallstones, more than half of all patients have bile that is saturated or 


supersaturated (saturation index >1) with calcium carbonate. _ 
Squares indicate control patients; X's, patients with cholesterol gal- - 
stones; and diamonds, patients with pigment stones. 


Biliary Calcium 


Free Ca** concentration in bile from control patients was _ 
directly related to total calcium concentration by a linear 
relationship: Free Ca**=0.13xtotal calcium concentra- © 
tion + 0.66 (r= .77) (Fig 3). All but a few calcium values from 
patients with gallstones fell within the 95% confidence limits 
of the regression line seen in Fig 3, suggesting that the 
relationship between free Ca** and total calcium concentra- 
tions was not altered in patients with gallstones. By infer- 
ence, binding or “buffering” of calcium in all bile samples was 
similar. 

As previously reported,** free Ca** and total caleium con- 
eentrations were linearly related to the BS concentration in 
bile from patients without gallstones by the following rela- 
tionships: Free Ca‘**=1.15+0.0084xBS concentration — 
(r= .56) (Fig 4, top) and total calcium = 2.58 + 0.037 x BS con- 
centration (r=.70) (Fig 4, bottom). Note that the intercepts 
at extrapolations to BS concentration = 0 are the approximate 
values of human serum free Ca** and total calcium. Except 
for three patients with pigment gallstones and two patients 
with cholesterol gallstones whose free Ca** levels were high- 
er than the 95% confidence interval, free Ca** was not elevat- 
ed in patients with cholesterol or pigment gallstones. A lack of 
elevation in biliary calcium is also exemplified by a compari- 
son of mean calcium values between groups. As expected with 
a lower degree of concentration of bile in patients with gall- 
stones, free Ca** and total calcium concentrations were lower 


Calcium in Gallstone Disease—Dawes &Rege 1607 us 


2 


Ca**, mmol/L 





0 2 4 6 8 1 
Total Calcium, mmol/L 


Fig 3.—Relationships of biliary free ionized calcium (Ca **) concentra- 
tion (0.103 x total calcium level + 0.82 [r = .89]) to total calcium con- 
centration. As in other species, Ca** concentration is linearly related 
to the total calcium concentration. The linear regression analysis and 
95% confidence intervals for normal bile are shown. Note that the 
majority of samples from patients with gallstones fall within these 
intervals. Squares indicate control patients; X's, patients with choles- 
terol stones; and diamonds, patients with pigment stones. 





in both groups of patients with gallstones compared with 
control patients (Table). Thus, unlike in animal models of 
gallstone formation, no increase in free Ca** or total calcium 
was observed in bile from patients undergoing treatment for 
gallstones. 


COMMENT 


Calcium plays a key role in many physiologic processes, 
including skeletal and myocardial muscle contraction, nerve 
conduction, blood coagulation, bone and tooth formation, and 
epithelial secretion and absorption. Consequently, the serum 
free Ca** concentration is precisely controlled in humans to a 
value of 1.14+0.13 mmol/L, and calcium is found in all body 
fluids at concentrations similar to or higher than that found in 
serum.” 

Several anions in biologic fluids, including carbonate, phos- 
phate, oxalate, free fatty acids, and bilirubin, contain calcium 
salts that are poorly soluble in aqueous solution.’ When the 
solubility of any one of these salts is exceeded, the fluid is said 
to be supersaturated with that salt, indicating that precipita- 
tion is thermodynamically possible.’ Saliva, pancreatic juice, 
and bile are all supersaturated with calcium carbonate," 
and urine is often supersaturated with calcium oxalate under 
normal conditions,” leading to the formation of caleium calculi 
in these organs. While the prerequisite for calcium precipita- 
tion is therefore present in each of these organs, the fact that 
most humans never develop any type of stone emphasizes the 
importance of nucleating or antinucleating factors, which 
determine if and when precipitation occurs." 

A role for calcium precipitation in gallstone disease is sup- 
ported by the finding that hyperparathyroidism (elevated 
serum free Ca‘ * and total calcium concentrations) is associat- 
` ed with an increased incidence of cholelithiasis“ and by results 
of studies of animal models of both pigment” and cholester- 
ol” gallstones. Oral calcium supplementation in prairie dogs 
results in an increased incidence of pigment gallstones,” while 
both dogs” and hamsters” fed lithogenic diets developed 
elevated biliary free Ca** and total calcium concentrations 
early during pigment gallstone formation. Prairie dogs fed 
high-cholesterol diets developed cholesterol gallstones and an 
increased biliary calcium concentration,” and both stones and 
elevated calcium concentrations are potentiated by the ad- 
ministration of estrogen to these animals.” 
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Fig 4.—Frae ionized calcium (Ca* *) (1.15 + 0.0034 x bile salt concen- 
tration [r= .56]) and total calcium (2.58 + 0.037 x bile salt concentra- 
tion [r= .72]) concentrations as a function of bile salt concentration. 
The linear relationship and 95% confidence intervals of both Ca** 
(top) and otal calcium (bottom) concentrations to the biliary bile salt 
concentration demonstrates that this relationship is not altered in bile 
from patients with gallstones. Squares indicate control patients; X's, 
patients with cholesterol stones; and diamonds, patients with pigment 
stones. 


Shiffran et al” reported increased Ca** concentration in 
bile from: patients with all types of gallstones when compared 
with cortrol patients undergoing operation not related to 
biliary tract disease, usually gastric bypass for morbid obesi- 
ty. These findings, however, have not been observed by 
others”* or by us in the present study. Rather, free Ca”* and 
total calzium concentrations were decreased in gallstone- 
containing bile consistent with the reduced degree of bile 
concentration noted in these patients. There are several pos- 
sible explanations for the discrepancy between our findings 
and those of Shiffman et al.” Fasting time before operation 
and selextion of “control” patients cannot be adequately con- 
trolled. Fasting time may vary greatly from study to study or 
from cortrol patients to patients with gallstones, and a uni- 
form fas-ing period does not ensure similar residence time in 
the galltladder, as patients with gallstone disease may have 
impairec motility (stasis). Certainly, it can be questioned 
whether patients with an eating disorder, such as morbid 
obesity, are appropriate controls for patients with gallstones, 
and we thus chose “normal” patients undergoing non-biliary 
tract abdominal surgery as controls in our study. In fact, the 
differenee in conclusions between our study and that of Shiff- 
man et al appears to reside with differences in the results 
obtainec in control patients, not in those observed in patients 
with gal-stones. 

As already pointed out, calcium precipitation from biologic 
fluids ard subsequent stone formation is an intermittent and 
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most likely a transient event. Elevations in biliary calcium 

concentration might then also be transient. If this is the case, 

one would not expect differences in biliary calcium in patients 

undergoing operative treatment for symptomatic gallstones, 

as patients with gallstones may have asymptomatic cholelithi- 
< asis for 15 to 20 years or longer.” Sampling of bile would 
_ therefore be remcte from the period of “‘lithogenicity,” and 
transient increases might never or only rarely be observed. 
The few samples in this study that exhibited high biliary 
calcium values (Fig 4, bottom) might then be of interest, as 
they might represent bile that actually was “‘lithogenic” for 
calcium at the time of sampling. 

Evidence for transient elevation of biliary calcium concen- 
tration during gallstone formation exists in the canine model 
of pigment gallstones. In this model, markedly elevated free 
Ca** and total caicium concentrations are always observed 
after 6 weeks of lithogenic diet during sludge and pigment 
gallstone formation.** In contrast, Englert et al” did not 
observe elevationsin biliary total calcium concentration after 
3 months, when stones were well formed. Effects of a pro- 
longed presence of gallstones in the gallbladder and changes 
that oecur as a result of chronic inflammation may explain 
these time-dependent differences in bile composition, but 
correlation between the length of the gallstone disease, de- 
gree of histologic change, and biliary calcium levels is impossi- 
ble in the clinical setting. Therefore, the final answer to the 
question of whether elevation of biliary calcium concentration 
leads to gallstone formation will require studies in animal 
models or in patients in whom gallstones are actively forming 
at the time of bile sampling. 

Before discounting biliary calcium in gallstone pathogene- 
sis because elevations of biliary calcium were not seen in our 
patients with gallstones, it is important to understand that 


saturation of any calcium salt depends on the product of both 
free ionized calcium and anion concentrations (Ca‘* x anion) 
in solution. Saturation can then be exceeded by increases in 
anion concentration, as well as by increases in calcium concen- 
tration.’ Thus, a defect in gallbladder bile acidification has 
been hypothesized that would result in slower clearance of the 
calcium-sensitive anion, carbonate, from bile” and prolonged 
supersaturation of gallbladder bile with calcium carbonate. 

Based on a lack of difference in gallbladder bile pH between 
groups in our study, we conclude that no significant defect in 
acidification of gallbladder bile exists in patients with gall- 
stones during this stage of their disease. Yet, the reduction in 
the degree of concentration and the slight decrease in the 
acidification of gallbladder bile we observed in patients with 
gallstones have implications for calcium precipitation. More 
than half of the bile samples we studied were supersaturated 
with calcium carbonate at the time of sampling (Fig 2), indi- 
cating that precipitation is thermodynamically possible in 
both normal and abnormal gallbladder bile for hours after 
fasting begins. Decreased concentration and acidification of 
gallbladder bile results in higher calcium carbonate SIs? and 
lower concentrations of bile salts and phospholipids, compo- 
nents of bile that are important for the solubilization of calci- 
um-sensitive anions, such as unconjugated bilirubin.” There- 
fore, our studies neither prove nor disprove that precipitation 
of calcium from bile is important in gallstone formation. Con- 
sidering that bile is frequently supersaturated with at least 
one calcium salt for considerable periods, these results sug- 
gest that nucleating and antinucleating factors are exceeding- 
ly important. 
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Cardiac Risk in Vascular Surgery 


The Oral Dipyridamole-Thallium Stress Test 


Michel S. Makaroun, MD; Nursine Shuman~Jackson, MSN; Anita Rippey, MSN; David Schreiner, MD; Stephen Arvan, MDt 


è The value of the oral dipyridamole-thallium stress test in 
identifying patients at high risk of myocardial infarction after 
vascular procedures has not been documented. We studied pro- 
“spectively 46 patients who underwent an oral dipyridamole-thal- 
lium stress test before undergoing vascular operations. Twenty 
patients (43%) had a positive test result, defined by a thallium 
defect with reperfusion, while 26 patients had a negative test 
result. Myocardial infarctions were documented postoperatively 
in 5 (25%) of 20 of the group with positive results and 1 (4%) of 26 
of the group with negative results. Three of the six myocardial 
infarctions were clinical; all three were in the group with positive 
results. No correlation was identified between dipyridamole-thal- 
lium stress test results and clinical cardiac history. A positive 
dipyridamole-thallium stress test result is a more sensitive pre- 
dictor of postoperative myocardial infarction than ejection frac- 
tion or history of coronary artery disease. The oral dipyridamole- 
thallium stress test is as useful as the intravenous test in this 
setting. 

(Arch Surg. 1990;125:1610-1613) 


£ Soronary artery disease (CAD) is very prevalent in pa- 
tients requiring peripheral vascular operations. Sixty 
percent have at least one significant coronary artery stenosis 
(>70% diameter reduction) when subjected to routine angiog- 
raphy.’ Myocardial infarction (MI) following surgery is re- 
ported in 2% to 15% of patients, depending on methods used 
for detection and selection criteria.’ Since the event is “silent” 
in over half of the cases, many infarctions go undetected in 
large retrospective studies.” However, MI remains a major 
cause of immediate and late mortality in this patient 
population. 
: Efforts to identify the high-risk patients can result in modi- 
fication of the operative approach or a prophylactic myocardi- 
al revascularization before the vascular procedure. Methods 
relying on clinical history, multivariate risk-factor analysis, 
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or estimazion of ejection fraction (EF) by radionuclide ven- 
triculography are helpful, but lack enough sensitivity. Rou- 
tine catheterization provides the best delineation of the ex- 
tent of CAD, but is invasive and expensive, and the anatomic 
informatien yielded is hard to correlate with the exact surgi- 
cal risk. Stress testing has suffered from the inability of 
several vascular patients to exercise adequately for a mean- 
ingful tess. Pharmacologic coronary vasodilatation with di- 
pyridamo:e, combined with thallium imaging, is, however, 
particularly well-suited for these patients, and has been pro- 
posed as & good screening test.** 

The majority of dipyridamole-thallium stress tests 
(DTSTs) reported have used the intravenous form of the 
drug, wh:ch is still not available in the United States for 
general use. Some encouraging reports on the use of oral 
dipyridamole prompted us to evaluate the oral DTST as a 
screening test for identifying patients at high risk for MI 
following peripheral vascular procedures.” 


PATIENTS AND METHODS 


One hundred veterans consecutively admitted for elective major 
vascular reconstructions over a 10-month period, from August 1988 
to May 1939, were evaluated by a cardiologist based on history, 
physical examination, and a 12-lead electrocardiogram. Forty-eight 
patients underwent vascular procedures without a DTST for a vari- 
ety of reasons. These included patients with severe symptomatic 
heart diseese requiring coronary angiography, recent coronary ar- 
tery bypass grafting or catheterization within the previous year, 
limb-threatening severe ischemia requiring urgent revasculariza- 
tion, a planned simple extra-anatomic bypass, uncooperative patients 
with psychotic disorders, and a few patients with scheduling 
problems. 

The remaining 52 patients underwent a DTST according to a 
protocol adopted from the report of Taillefer et al.” The patients ate 
nothing by mouth the morning of the test and had no xanthines for 24 
hours prev:ously. A 12-lead electrocardiogram was obtained and an 
intravenous line started. An oral dose of 400 mg of dipyridamole, in 
pulverized “orm, was then administered, and the patients were moni- 
tored close:y subsequently. At 40 minutes, 88.8 MBq of thallium 201 
was infusec to correspond with the peak level of dipyridamole.’ Serial 
imaging was then obtained immediately and after 3 hours in the 
anterior, 4£°, and 70° left anterior oblique projections. After the first 
set of myocardial images, an intravenous infusion of 125 mg of ami- 
nophylline dihydrate was given to reverse the effects of dipyridamole 
in all patierts. One patient had his test canceled because he developed 
severe chest pain after receiving dipyridamole, requiring immediate 
administrazion of aminophylline; he did not suffer a myocardial in- 
farct. This patient is not included with the 52 patients; he subsequent- 
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Fig 1.—Positive dipyridamole thallium stress test result. Left, A defect in the area of the septum is seen (arrow). Right, The 


same area repertuses on the delayed scan. 











Fig 2.— Incidence of positive dipyridamole thallium stress test results 
among various patient groups. No clinical factor was predictive of the 
results of the test; only previous myocardial revascularization seemed 
to predict a negative test result. Shaded bars represent presence of a 
condition; closed bars, absence of a condition; A, diabetes: B, hyper- 
tension; C, coronary artery disease; D, percutaneous coronary angio- 
plasty or coronary artery bypass grafting; and N, number of patients in 
each group. 


ly underwent an uneventful mesenteric artery bypass. Other side 
effects encounteredincluded nausea in four patients, mild chest pain 
in two patients, and a “hot” feeling in one patient. No infarctions, 
arrhythmias, or deaths resulted from the test. All side effects re- 
solved promptly with aminophylline. 

The test results were reviewed by a cardiologist and a nuclear 
medicine staff physician. The test result was considered positive if 
there were one or more defects on the initial sean that showed 
evidence of reperfusion on the delayed images. Normal scans or fixed 
defects were classified as negative test results. An example of a 
positive test result with a reperfusion defect in the area of the septum 
is shown in Fig 1. 

The surgeon and anesthesiologist were aware of the test result 
when patients underwent their vascular procedures. All patients 
were monitored intraoperatively with an arterial line. A pulmonary 
artery catheter wasaised in all patients with a positive test result and 
almost all patients witha negative test result. Twelve lead electrocar- 
diograms were obtained routinely after operation in the recovery 
room and the next day. Three sets of creatinine phosphokinase isoen- 
zymes were also measured routinely in the first 36 hours after opera- 
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tion. Routine tests were not performed later, because the incidence of 
silent perioperative MIs decreases significantly after the first postop- 
erative day; however, if clinically indicated they were repeated as 
often as necessary.” Only documented MI or cardiac death within 30 
days of surgery were considered end points. Episodes of angina, 
which are of no long-term clinical significance, and congestive heart 
failure, which is difficult to evaluate after perioperative volume 
loading, were not considered in comparisons of cardiac morbidity. 

Six of the 52 patients, three with a positive test result and three 
with a negative test result, had their operation canceled for reasons 
unrelated to the DIST. These were nonreconstructible peripheral 
disease, metastatic lung cancer, an EF of 20%, and extensive general- 
ized aneurysmal disease in one patient each. Two patients refused the 
operation after evaluation, one after a complicated prophylactic coro- 
nary artery bypass. 


RESULTS 


Forty-six patients who had a DTST and underwent 47 
vascular procedures form the basis of this report. There were 
29 aortic reconstructions, 16 infrainguinal bypasses, one fe- 
morofemoral bypass, and one resection of a femoral pseu- 
doaneurysm. The patients were divided into two groups: 20 
patients with positive test results and 26 with negative re- 
sults. The incidence of positive test results in this population 
was 43%, which correlates well with the 35% to 50% incidence 
reported in the literature describing the intravenous 
test.*°"" Six patients with a positive test result had a coro- 
nary angiography. All but one had severe coronary disease 
(>70% diameter reduction). Three patients had diffuse non- 
reconstructible disease. One patient had a percutaneous coro- 
nary angioplasty, and another had coronary artery bypass 
grafting. Since neither had a repeated DTST, they were 
analyzed as part of the group with positive results. Neither 
had an MI. 

The DTST did not correlate well with any factor from the 
clinical profile of the patients (Fig 2). No factor was predictive 
of the test results. However, all four patients with a previous 
cardiac artery bypass grafting, from 2 to 9 years previously, 
had negative test results. One patient with a percutaneous 
coronary angioplasty 5 years earlier had a positive test result, 
for an incidence of positive test results of 20% in patients with 
prior myocardial revascularization. 

The two groups were very similar in all risk factors ana- 
lyzed (Table 1). Slightly more aortic procedures were per- 
formed in the group with negative DTST results (not signifi- 
cant). Sixteen patients had EF determined by multiple 
uptake gated acquisition scan. The mean EF was similar 
between groups, and none was lower than 40%. 
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Table 1.—Risk Factors Among Patients With Positive or 
Negative Dipyridamole-Thallium Stress Test Results* 





















PTCA or CABG 
Aortic procedures 55 
EF, mean (range) 59 (53-68) 58 (40-71) 


*All values are percentages except for age. CAD indicates coronary artery 
disease; PTCA, percutaneous coronary angioplasty; CABG, coronary artery 
bypass grafting; and EF, ejection fraction. 
























Table 2.— Incidence of Myocardial Infarction or Cardiac Death 
by Dipyridamole-Thallium Stress Test Results* 


Negative 
Result, No. (%) 


Positive 
Result, No. (%) 
4/16 (25) 


Study, Year 
Boucher et al,* 1985 
Cutler and Leppo,* 1987 8/31 (26) 

Leppo et als 1987 14/42 (33) 1/47 (2) 
Present series 5/20 (25) 1/26 (4) 


*The test was administered intravenously in all the studies listed except the 
present series, in which it was administered orally. 











Six patients had documented postoperative MIs, four after 
aortic reconstruction and two after femorotibial bypass. Five 
(25%) of 20 patients with positive DTST results had an MI and 
only one (4%) of 26 patients with negative DTST result had an 
MI. This difference was compared using the z statistic yield- 
ing a value of 2.11, and a one-tailed P value of .017, which is 
statistically significant (Fig 3). All three clinical MIs, includ- 
ing a fatal one, were in the group with positive DTST results. 
There was one death in the group with negative results due to 
a pulmonary embolus. The difference between the two groups 
would have been even more pronounced if the two patients 
who had myocardial revascularization after positive DTST 
results had been excluded from the group with positive re- 
sults. Since neither had an MI, and since in all likelihood their 
DTST results would have been negative if repeated, their 
inclusion in the group with positive results has resulted in a 
slight underestimation of the MI risk in patients with positive 
DTST results. 

Clinical history and EF were not useful in predicting MI 
after operation. Three patients who developed an MI, includ- 
ing the fatal one, had no previous clinical markers of CAD. 
Preoperative ejection fraction by multiple uptake gated ac- 
quisition scan was available for three of the six patients who 
had MIs, and was normal for all three (60%, 61%, and 67%). 

When.compared with previously reported series that used 
similar end points, our results with the oral DTST are very 
similar to the results obtained by other investigators using 
the intravenous test (Table 2), Using MI or cardiac death as 
the clinical end point, the combined data yield a sensitivity for 
the test of 95% and a specificity of 68%. The similar figures for 
our own data are 83% and 62%, respectively. 


COMMENT 
What constitutes an adequate cardiac evaluation in pa- 
dents about to undergo a peripheral vascular operation re- 
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Fig 3.—Incdence of postoperative myocardial intarction among the 
groups withepositive (5 [25%] of 20) and negative (1 [4%] of 26) results 
on the dipysidamoie thallium stress test (OTST). Closed bars indicate 
Clinical and-open bars, “silent” myocardial infarctions. All the clinical 
and the only fatal myocardial infarctions were in the group with positive 
results. Thedifference is significant (P = .017). 


mains con-roversial. There is uniform agreement that CAD is 
widespread in this patient population, and is the direct cause 
of postoperative and late morbidity and mortality. 

The administration of dipyridamole results in maximal cor- 
onary vascdilatation equivalent to that produced by exercise, 
without the deleterious effects of increased oxygen consump- 
tion and severe tachycardia. Combined with thallium 201 
imaging, it provides excellent information about the presence 
of a scar from an old MI, or ischemic myocardium at risk for a 
myocardial infarct.” The test was first introduced by Albro 
and coworkers” in 1978 and found to be safe and minimally 
invasive. When compared with angiography, it reliably iden- 
tifies significant stenoses with a sensitivity of approximately 
90% and a specificity of 70%. 

It was oaly logical to use this test in the patients scheduled 
for vascular surgery. All the evidence suggests that these 
patients snould undergo stress testing to uncover occult 
CAD, but the majority are unable to exercise.“ The DTST 
provides a very good simulation of myocardial stress. The 
first repor: by Boucher et al‘ in 1985 was followed by others 
with rema-kable similarity in results. These studies demon- 
strated the effectiveness of DTST in predicting MI or death 
after peripheral vascular procedures with a very high sensi- 
tivity but a low specificity.** However, widespread use was 
limited by the unavailability of intravenous dipyridamole. 
Reports by Taillefer et al,’ Homma et al,* and Aksut et al 
suggested that the test could be performed effectively with 
oral dipyridamole with less serious side effects. Only head- 
ache and nausea are more frequent with the oral dose, where- 
as the incicence of angina is significantly reduced. 

We evaluated the oral test in the preoperative screening of 
peripheral vascular patients and found that redistribution of 
thallium occurs in 43% of the tests and defines a group at 25% 
risk of developing an MI or cardiac death after operation when 
routine surveillance is employed. These numbers are nearly 
identical tc results reported with the intravenous DTST. This 
should thea provide a safe and easily available screening test 
before vascular surgery. Our low incidence of side effects was 
probably due to the routine use of aminophylline to reverse 
the effect əf dipyridamole. Since the reversal of that effect 
might actually even be desirable before the second set of 
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images are obtained, we recommend using aminophylline 
routinely following the initial scans. 

The high sensitivity of DTST is one of its best features. A 
negative test result strongly suggests the absence of any 
myocardium at risk, and surgery can proceed without any 

further elaborate evaluation. However, a lingering concern 
with this test is its low specificity. Attempts to improve this 
aspect will result in a much higher positive predictive value, 
making it a very valuable clinical tool. Reports of combining 
DTST with exercise, selective use of the test according to 
some clinical criteria, or developing a quantitative index of 
thalliam redistribution are encouraging, but require further 
validation.""*" 

Because of the low specificity, the course of action to be 


taken when the DTST result is positive is not entirely clear. 
This decision should presently be left to the clinical judgment 
of the surgeon and the individual situation of the patient. 
Proceeding with a more limited operation, intraoperative 
monitoring of ischemia, eg, with transesophageal echocardio- 
graphy, or angiography with prophylactic myocardial revas- 
cularization are but some of the options. The significant risk 
and cost of angiography and coronary revascularization 
should be weighed against the benefits expected to be derived 
and the risk of delaying the peripheral vascular intervention. 
Larger studies are needed to delineate the most appropriate 
management option in this situation. A uniform approach 
cannot be presently recommended from available data. 
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Surgical Anatomy Question 


The ribbon or strap muscles are supplied by the ansa hypoglossus, a branch of the 12th cranial 


nerve. [True or False?] 
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3. Grant JCB. A Method of Anatomy. 5th ed. Baltimore, Md: Williams & Wilkins; 1952:664. 
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The Natural History of Intimal Flaps 


in a Canine Model 


_ Alan P. Sawehuk, MD; Jens Eldrup-Jorgensen, MD; Chadwick Tober, MD; David McCay, MD; 
: Joseph Durham, MD; Bruce Waller, MD; James J. Schuler, MD; D. Preston Flanigan, MD 


è The natural history of arterial intimal flaps has not been well 
defined. This study characterizes the natural history of unre- 
-< paired intimal flaps. Thirty-nine 1-, 2-, and 3-mm hemispheric, 

distally based intimal flaps were made in 4- to 5-mm diameter 
-canine femoral and carotid arteries. Twenty arteries had 2- and 

3-mm intimal flaps and were monitored for short-term arterial 
“thrombosis and flap extension. Nineteen had 1- and 2-mm intimal 
- flaps and were monitored for thrombosis, long-term develop- 

-ment of neointimal hyperplasia, arterial stenosis, and persis- 
tence of the flap. While 40% of the arteries with 3-mm intimal flaps 
_ developed thrombosis in 3 to 5 days, only 3% of the arteries with 
<1- or 2-mm intimal flaps developed thrombosis. Most 1- or 2-mm 
=. intimal flaps resolved and the subsequent development of neoin- 
_. mal hyperplasia or arterial stenosis was minimal. Arteries with 
_. hemodynamically significant stenoses from intimal flaps warrant 
repair, while arteries with smaller intimal flaps may not require 
repair. 

(Arch Surg. 1990;125:1614-1616) 


I ntimal flaps may develop in arteries following trauma, 
catheterization, or operation. Some intimal flaps result in 
_ arterial occlusion, while others have benign courses and do 
not produce any significant arterial lesions. This study evalu- 
_ -ates the natural history of intimal flaps. A better understand- 

“ing of the behavior of intimal flaps may be useful in the clinical 
Management of patients with these lesions. 


MATERIALS AND METHODS 


-= Intimal flaps of 1, 2, or 3 mm encompassing 50% of the arterial 
< -circumference were made in thirty-nine, 4- to 5-mm-diameter canine 
_. femoral and carotid arteries. The arteries were studied 8 to 5 days 
(early outcome) and 2 months (late outcome) following surgery. 
=. Pentobarbital sodium was administered intravenously to anesthe- 
-tize the dogs. The dogs were intubated and given inhalation anesthe- 
-< gia. The necks and groins were antiseptically prepared and draped. A 
midline neck incision was used to gently dissect the common carotid 
_ arteries. The common femoral arteries were isolated through bilater- 
al groin incisions. 
One hundred units of heparin sodium per kilogram of body weight 
-was given intravenously. After 5 minutes, the first artery was 
--@lamped with atraumatie vascular clamps. A 15-mm longitudinal 
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arteriotomy-was made. A transverse incision was made in the posteri- 
or intima ensompassing half of the arterial circumference. A Penfield 
dissector wes then used to gently separate the intima from the media 
to create eitaer a 1-, 2-, or 3-mm hemispheric, distally based intimal 
flap (Figs 1 and 2). Flap length was measured in its center using a 
surgical ruler. The artery was irrigated with heparinized saline and 
closed with « running 6-0 polytetrafluoroethylene suture. 

In a similer manner, intimal flaps were constructed in the remain- 
ing carotid and femoral arteries. Specimens harvested 3 to 5 days 
after surgery had 2-mm intimal flaps constructed in one carotid and 
one femoral artery and 3-mm intimal flaps constructed in the other 
carotid and femoral arteries. Specimens harvested 65 days after 
surgery had 1-mm intimal flaps constructed in one carotid and one 
femoral artery and 2-mm intimal flaps constructed in the other carot- 
id and femeral arteries. 

The neck and groin incisions were closed using running 2-0 and 3-0 
polyglactin sutures. The incisions were antiseptically dressed. 

The 20 eaxly-outcome arteries were harvested 3 to 5 days following 
creation of tke flaps. Ten of these arteries (group 1) had 2-mm intimal 
flaps and ł0 (group 2) had 3-mm intimal flaps. These arteries were 
ligated, excised, and opened longitudinally along the arterial suture 
line. They were studied for occlusion, thrombus formation, and flap 
extension. 

The 19 lat2-outcome arteries were pressure-perfused and fixed in 
10% buffered formaldehyde solution (mean period of fixation, 65 
days). Nine »f these arteries (group 3) had 1-mm intimal flaps and 10 
(group 4) had 2-mm intimal flaps. These arteries were sectioned 
transversely. 

The late-cutcome arteries were examined for size of intimal and 
medial area, percent of luminal reduction from any present intimal 
flap, percent of luminal reduction from neointimal hyperplasia, and 
arterial occlusion. To measure these parameters, the histologic slides 
were projec:ed onto a digital reader, and a drawing of the lumen, 
intima, basement membrane, media, and adventitia was made. This 
drawing was placed on a computer grid, and the outlines of each of 
these layers were traced using a transducer. A computer then calcu- 
lated the ind. vidual circumferences and areas of each of these layers, 

In additioa, angioseopy was done in eight early-outcome and eight 
late-outcome arteries to qualitatively assess the intimal flaps and any 
resulting lurainal stenoses. 

The data were analyzed using a statistical software t test (SAS, 
SAS Institue Inc, Cary, NC) and Fisher’s Exact test. A P value of 
less than or equal to .05 was considered statistically significant. 


RESULTS 


Figure 3shows an artery 5 days after surgery that contains 
a 2-mm intimal flap. As can be seen, this intimal flap resulted 
in approximately 50% luminal stenosis. Figure 4 shows an 
artery 5 days after surgery that contains a 3-mm intimal flap. 
This flap resulted in approximately 75% luminal stenosis. 
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Fig 2. Cross-sectional view of an artery with an experimental intimal 
flap. 


In the early-outcome arteries, one (10%) of 10 with 2-mm 
intimal flaps (group 1) occluded, while four (40%) of 10 with 3- 
mm intimal flaps ¢group 2) occluded. No thrombus was pres- 
ent in any of the 15 remaining patent arteries. None of the 
intimal flaps had extended. No group 3 arteries with 2-mm 
intimal flaps or group 4 arteries with 1-mm intimal flaps 
occluded during this study. The difference between the occlu- 
sion rate of all arteries with 2-mm intimal flaps (one of 20) and 
the occlusion rateof arteries with 3-mm intimal flaps (four of 
10) was statistically significant (P=.031 by Fisher's Exact 
test). 

The late-outcome arteries were evaluated for the long-term 
effects of 1- and 2-mm intimal flaps. Only three of these 19 
arteries had persistent intimal flaps 65 days after surgery, 
and seven of the 19 arteries were completely normal. The 
remaining arteries had minimal evidence of neointimal hyper- 
plasia. In the three arteries with persistent intimal flaps, 
stenosis caused by the flaps produced luminal reductions 
ranging from 0.2% to 0.9%. Total luminal reduction from 
neointimal and myointimal hyperplasia was 3.85% + 2.07% 
(SD) in group 3 (-mm intimal flaps) arteries and 
8.31% + 3.84% in group 4 (2-mm intimal flaps) arteries. None 
of these arteries showed thrombus at harvest. Arteries in 
groups 3 and 4 showed no statistically significant differences 
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Fig 3.—Angioscopic photograph of an artery with a 2-mm, hemispher- 
ic intimal flap. This results in 50% luminal stenosis. 





Fig 4. —-Angioscopic photograph of an artery with a 3-mrm, hemispher- 
ic intimal flap. This results in 75% luminal stenosis. 


in intimal and medial thickness, intimal and medial area, 
percentage of luminal reduction from neointimal hyperplasia, 
or presence of arterial intimal flaps (P>.30) (Table). In late- 
outcome arteries in which angioseopy was done, only minimal 
irregularities were seen. 


COMMENT 


Isolated intimal flaps represent 10% of traumatic arterial 
injuries.’ Intimal flaps may also result from arterial catheter- 
ization and angioplasty. Small, residual intimal flaps some- 
times develop following endarterectomy and other vascular 
operations. Many of these intimal flaps are benign and do not 
produce significant sequelae. Many surgeons have recom- 
mended an aggressive surgical approach to the repair of all 
arterial defects.*” However, this experimental study and a 
number of recent clinical studies” have shown that small 
intimal flaps may resolve spontaneously and that some of 
these lesions may be managed safely without surgery. Al- 
though this experimental study with precisely made intimal- 
flaps does not match the range of clinical injuries that occur, it 
may lead to guidelines for determining which injuries warrant _ 
repair. E 
In a clinical study of arterial intimal flaps, Sawehuk et al 
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Comparison of Arterial and Luminal Parameters for 
Late-Outcome Arteries With intimal Flaps* 


Group 3, 
1-mm Flaps 


1.28 +0.48 
2.91 +0.36 
1.32 +0.74 
8.12 + 1.37 
0.22+0.15 


Group 4, 
2-mm Flaps 


1.13+0.48 
2.60+0.28 
2.94+ 1.44 
8.15 +0.65 
0.10+0.10 








Average intimal thickness, mm 
Average medial thickness, mm 
Average intimal area, mm? 
Average medial area, mm? 
Intimal flap area, mm? 


Luminal reduction resulting from 
intimal flaps % 


Total luminal reduction, % 

















0.11 +0.09 
3.85 +2.07 


0.09 + 0.09 
8.31 +3.84 





*Data are means + SD. 


~ reviewed the duplex ultrasound study results of 79 patients 
who had undergone carotid endarterectomies. All of these 
< carotid arteries had been assessed using intraoperative B- 
< mode ultrasonography. Eighteen carotid arteries had small, 
_ residual intimal flaps. Three of the intimal flaps in this study 
were l-mm, distally based, internal carotid artery flaps, and 
seven were 1- to 3-mm, distally based, external carotid artery 
intimal flaps. The remaining intimal flaps were 1- to 3-mm, 
proximally based, common carotid artery intimal flaps. Six- 
teen of 18 patients with these residual, minor, arterial intimal 
flaps had completely normal carotid arteries at the time of 
their first postoperative duplex ultrasound examinations, 
` which documented healing of the flaps. During follow-up 
(mean interval, 32 months), there was no difference between 
the occlusion rates of arteries with small, residual intimal 
flaps and those of arteries without flaps. It should be empha- 
sized that these intimal flaps were small, trapdoor arterial 
intimal flaps that encompassed only small portions of the 
arterial lumina. However, this study does indicate that hu- 
man intimal flaps may resolve without producing thrombosis 
or stenosis. 

Dennis et al’ and Frykberg et al” have reported the 
results of nonoperative management of asymptomatic arteri- 
al intimal flaps following penetrating trauma in the proximity 

of major limb arteries. All of their studies had similar results. 
In one study,” 12 arteries with arterial intimal flaps diag- 
-nosed using arteriography were managed nonoperatively. 
Nine of these intimal flaps were evaluated by follow-up arteri- 
_ ography. Six of these nine intimal flaps resolved completely. 
“Two of the nine intimal flaps got smaller. One of the nine 
arteries with intimal flaps developed a pseudoaneurysm that 
was repaired electively. Three of the 12 arteries with intimal 
flaps were followed up clinically. Two patients remained 
asymptomatic, but one developed a pseudoaneurysm that 
was also repaired electively. These authors conclude that 
clinically occult arterial injuries do not necessarily mandate 
“surgery and, thus, may not need to be found because the 
“natural course of the vast majority is to resolve or exist 
“benignly. The authors did not measure the percentage of 
luminal reduction caused by intimal flap~induced stenosis, 
and they repaired all symptomatic lesions. 

We are not aware of any large-animal studies investigating 
the natural history of intimal flaps. Glover et el” reported on 
the natural history of traumatic intimal tears in rats followed 
up for up to 48 weeks. None of these arteries with intimal 
tears developed thrombosis, although some medial disorgani- 
zation and hyperplasia were present in the arteries at the 
sites of the intimal lesions. 

This study documents the natural history of surgically 
created intimal flaps in an experimental large-animal model. 
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Intimal fleps of 1 or 2 mm had generally benign courses in 
arteries measuring 4 to 5 mm in diameter. While occlusion 
with approximately 75% luminal stenosis oceurred in four 
(40%) of tae 10 arteries with 3-mm intimal flaps, occlusion 
with 50% uminal stenosis occurred in only one (3.3%) of 30 
arteries with 1- and 2-mm intimal flaps. Six weeks after 
surgery, luminal stenosis resulting from neointimal hyperpla- 
sia, myointimal hyperplasia, and residual intimal flaps was 
minimal, with a mean luminal reduction of 6.20% + 2.25% in 
the 19 arteries followed up for this length of time. Only three 
intimal flaps persisted on histologic examination, and seven of 
the arteries were completely normal. 

These p-eliminary data suggest that 4- to 5-mm-diameter 
arteries wth intimal flaps of 3 mm or larger and luminal area 
reduction ef at least 75% have a high rate of early thrombosis 
and warrant repair. Arteries with smaller intimal flaps may 
not requir repair. It is important to realize that this study 
only evaluated the effects of the intimal flap itself. In clinical 
practice, edditional arterial damage may result from blast 
injury and arterial contusions. However, recent clinical 
data*™ corfirm that many isolated injuries of arterial intimal 
flaps spon:aneously improve or resolve and do not require 
surgical in-ervention. 


References 


1. Drapanas T, Hewitt RL, Weichert RF, Smith AD. Civilian vascular 
injuries: a crtical appraisal of three decades of management. Ann Surg. 
1970;172:351-260. 

2. Edwards WS, Lyons C. Traumatic arterial spasm and thrombosis. Anz 
Surg. 1954;144:318-323. 

3. Felicianc DV. Vascular injuries. In: Maull KI, ed. Advances in Trauma. 
Chicago, Ill: wear Book Medical Publishers Inc; 1987;2:179-206. 

4. Gerlock AJ, Mathis J, Goncharenko V, Maravilla A. Angiography of 
intimal and in-ramural arterial injuries. Radiology. 1978;129:357-361. 

5. Gryska P. Major vascular injuries: principles of management in selected 
cases of arterial and venous injury. N Engl J Med. 1962;266:381-385. 

6. Kinmonth JB. The physiology and relief of traumatic arterial spasm. 
BMJ. 1952;1:63-64. 

T. MeDonad EJ, Goodman PC, Winestock DP. The clinical indications for 
arteriography: in trauma to the extremity: a review of 114 cases. Radiology. 
1975;116:45-4". 

8. Perry MD, Thal ER, Shires GT. Management of arterial injuries. Ann 
Surg. 1971;17%:403-408. 

9. Rich NM, Spencer FC. Vascular Trauma. Philadelphia, Pa: WB 
Saunders Co; .978:12,39-43. 

10. Smith FL, Lim WN, Ferris EJ, Casaci RE. Emergency arteriography in 
extremity traema: assessment of indications. AJR. 1981;137:803-807, 

11. Sawehu& AP, Flanigan DP, Machi J, Schuler JJ, Siegel B. The fate of 
unrepaired minor technical defects detected by intraoperative ultrasound dur- 
ing carotid endarterectomy. J Vase Surg. 1989;9:671-677, 

12. Dennis JW, Frykberg ER, Crump JM, Vines FS, Alexander RH, New 
perspectives cn the management of penetrating trauma in proximity to major 
limb arteries. 7 Vase Surg. 1990;11:84-98. 

13. Frykberg ER, Vines FS, Alexander RH. The natural history of clinically 
occult arterialinjuries: a prospective evaluation. J Trawma. 1989;29:577-583. 

14. Frykbecg ER, Crump JM, Vines FS, et al. A reassessment of the role of 
arteriography in penetrating proximity extremity trauma: a prospective 
study. J Trawria. 1989;29:1041-1052. 

15. Gomez 3A, Kreis DJ, Ratner L, et al. Suspected vascular trauma of the 
extremities: the role of arteriography in proximity injuries. J Trauma. 
1986;26:1005- 2008. 

16. MeCorkell SJ, Jarley JD, Morishima MS, Cummings DK. Indications for 
angiography ia extremity trauma. AJR. 1985;145:1245-1247. 

17. O'Gorman RB, Feliciano DV, Bitondo CG, Mattox KL, Bureh JM, 
Jordan GL. Emergency center arteriography in the evaluation of suspected 
peripheral vascular injuries. Arch Surg. 1984;119:568-573. 

18. Rose SC, Moore EE. Emergency trauma angiography: accuracy, safety 
and pitfalls. AJR. 1987;148:1243-1246. 

19. Rose S2, Moore EE. Angiography in patients with arterial trauma: 
correlation be:ween angiographic abnormalities, operative findings, and clini- 
eal outcome. AJR. 1987;149:613-619. 

20. Spencer AD. The reliability of signs of peripheral vascular injury. Surg 
Gynecol Obste. 1962;114:490-494. 

21. Sullivar HG, Vines FS, Becker DP. Sequelae of indirect internal carotid 
injury. Radiology. 1973;109:91-98. 

22. Glover AG, Seaber AV, Urbaniak JR. Intimal tears and their relation- 
ship to long-term patency in the rat femoral artery. Microsurgery. 1986;7:124- 
127. 


intimal Flaps—Sawchuk et al 


The Effect of Intestinal Resection and 
Urogastrone on Intestinal Regeneration 


Jon S. Thompson, MD; Larry E. Bragg, MD; Shailendra K. Saxena, MD 


© Intestinal regeneration in patched intestinal defects is en- 
hanced by both intestinal resection and urogastrone. Our aim 
was to determine if these two stimuli have synergistic effects. 
ileal defects were patched with colon serosa in 45 rabbits. Group 
1 (n=11) were contro! subjects; group 2 (n = 12) underwent 50% 
intestinal resection; group 3 (n= 11) recelved urogastrone (1.5 
pg/kg per hour subcutaneously); and group 4 (n = 11) underwent 
intestinal resection and received urogastrone. Animals were 
killed at 7 and 14 days. Intestinal resection had the greater effect 
onepithellalization. Urogastrone inhibited contraction and intes- 
tinal resection did not. Both intestinal resection and urogastrone 
‘increased proliferative activity. Combining intestinal resection 
- and urogastrone did not have a synergistic effect on epithelializa- 


~ tion and diminished the effect of urogastrone on proliferation and 


contraction. These findings suggest that intestinal resection and 
rogastrone stimulate epithellalization via similar mechanisms 
and that urogastrane would not enhance regeneration during 
intestinal adaptation. 
(Arch Surg. 1990;125:1617-1621) 


Son surgical procedures have been evaluated for im- 
proving absorptive function in patients with the short 
bowel syndrome.’ These include techniques for retarding 
intestinal transit and increasing intestinal surface area. While 
transplantation of the small intestine is an obvious method for 
increasing intestinal surface area, the regenerative capacity 
of the intestine is. also being explored as a means of increasing 
the absorptive surface of the intestine. 

Intestinal regeneration occurs in full-thickness intestinal 
-defects patched with adjacent colon serosal surface. The 
growth of new intestinal mucosa, termed neomucosa, occurs 
by proliferation of epithelial cells in the crypts of the mucosa 
lining the defect and migration of cells across the patched 
defect. The patched defect also contracts due to a currently 
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undefined mechanism that might involve the subepithelial 
tissues. Thus, the potential increase in intestinal surface area 
that can be achieved by intestinal patching is influenced by- 
the rate of epithelialization, extent of contraction, and quanti- 
ty of patching surface available. 

Several factors affect the rate and extent of intestinal _ 
regeneration.’ Intestinal resection performed at the time of i 
intestinal patching increases mucosal proliferative activity _ 
and thus increases the rate of neomucosal growth.’ Urogas- 
trone (human epidermal growth factor) administration in- _ 
creases both proliferative activity and the rate of epithelial 
cell migration.” Furthermore, it inhibits contraction of the 
patched defect. It is unclear whether the stimulation of prolif- 
erative activity by these two agents occurs via the same ` 
mechanism. Since intestinal patching in the clinical setting 
would most likely be performed in patients with adjacent. 
intestinal resection, the purpose of this study was to deter- 
mine the combined effects of intestinal resection and urogas- 
trone on neomucosal growth. 


' MATERIALS AND METHODS 


Forty-five male New Zealand white rabbits (weighing 2.3 to 3.3 kg) 
had two 2 x 5-cm ileal defects patched with the adjacent colon serosal. 
surface. Group 1 (n= 11) comprised control subjects. Group 2 (n= 12). 
rabbits underwent resection of 50% of the small intestine, maintain- 
ing intestinal continuity. Group 3 (n=11) rabbits had mini-osmotic — 
pumps (Alzet model. 2ML1 or 2ML2, Alza Corp, Palo Alto, Calif) 
placed subcutaneously. Lyophilized recombinant urogastrone 
(Chiron Corp, Emeryville, Calif) of 95% purity was infused continu- 
ously at a rate of 1.5 pg/kg per hour. Group 4 (n= 11) rabbits under. 
went both 50% intestinal resection and urogastrone infusion, Animals 
in each group were killed at 7 and 14 days. Neomucosal growth was 
determined by gross and microscopic measurements. Tissue orni- 
thine decarboxylase (ODC) activity and crypt cell production rate 
(CCPR) were measured to assess proliferative activity. Neomucosal 
function was evaluated by measuring disaccharidase activity. : 

Operations were performed after an overnight fast using sterile 
techniques. Anesthesia was achieved with intramuscular ketamine: 
hydrochloride (85 mg/kg) and xylazine hydrochloride (7 mg/kg). In 
testinal patching was performed by making two 5-em incisions on the- 
antimesenteric border, beginning 10 em and 20 em proximal te the 
ileoceeal junction. The serosal surface of adjacent colon was apposed — 
to the cut edge of the defect with a continuous inverting 4-0 silk 
suture, creating a 2 x 5-em serosal patch exposed to the lumen of the.. 
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Fig 1.—The regenerating area within the suture line contracts between 
operation (above) and death (below). Coverage of the patched defect 
‘with neomucosa represents epithelialization; a small defect is shown. 
(from Thompson et alô). 


small intestine. Group 2 and 4 animals underwent a 50% intestinal 
resection ending 30 cm proximal to the ileocecal junction, and continu- 
ity was maintained with a one-layer end-to-end anastomosis. In 
groups 3 and 4, a mini-osmotic pump containing urogastrone was 
placed subcutaneously lateral to the incision. The animals received 
perioperative ampicillin and supplemental subcutaneous fluid until 
resuming oral intake on the second postoperative day. The rabbits 
were active, ate normally, and maintained body weight during the 
study. Aspiration of pumps at necropsy confirmed complete infusion. 

“At the time the animals were killed, the size of the intestinal patch 
and any nonepithelialized area within the nonabsorbable suture line 
was determined by measuring the transverse and longitudinal diame- 
‘ters and calculating the area of the ellipse (mr,r,). Epithelialization 
refers to the percentage of the defect covered with neomucosa (Fig 1). 
Contraction was calculated by determining the patched area at death 
and expressing it as the percentage of the initial defect size (2 x 5 em). 
Samples of neomucosa were stained with hematoxylin-eosin. Mea- 
surements of villus height were taken in 10 intact axially oriented villi 
in each specimen with the aid of an eyepiece micrometer. 

Crypt cell production rate was determined using the metaphase 
arrest technique with intraperitoneal vincristine sulfate (1 mg). The 
mucosal samples were fixed in Carnoy’s fixative, hydrolyzed in acid at 
60°C for 5 minutes, and stained with Schiff’s reagent. The erypts were 
dissected free using a dissecting microscope. Samples of crypts were 
transferred to a glass slide in 15% glacial acetic acid and squashed for 
determination of the number of metaphases per crypt in a minimum of 
10 crypts. Crypt cell production rate was calculated assuming a linear 
accumulation for 2 hours. Activity of ODC was determined by a 
radiometric technique in which the amount of carbon 14 dioxide 
liberated from. carbon 14 dioxide—labeled ornithine was estimated.* 
Ornithine decarboxylase activity was expressed in picomoles of car- 
bon dioxide per milligram of protein per 30 minutes per patch. Disac- 
charidase activity in the neomucosa was determined according to the 
method of Dahlquist” and expressed in micromoles of glucose per 
gram of protein per minute. 

Data are expressed as mean+SD. Analysis of variance and the 
Bonferroni-corrected t test were used for comparisons, with P<.05 
indicating significance. 
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RESULTS 


Epithelialization of the patched defect was significantly 
greater in groups 2, 3, and 4 compared with control animals at 
both 7 and 14 days (Fig 2). Resection alone and resection and 
urogastrone resulted in greater epithelialization than urogas- 
trone alone. Urogastrone inhibited contraction of the patched 
defect, whle resection resulted in greater contraction than 
that seen ia control and urogastrone-treated animals 7 days 
after operation. Neomucosal surface area was greater in 
groups 2, £, and 4 than in control animals at 7 days but was 
similar at 14 days. Villus height was significantly less in the 
control animals than in the experimental groups at 7 days but 
was similar at 14 days. 

Proliferative activity, as determined by CCPR and ODC 
activity, wes increased by resection and urogastrone but the 
pattern of :his increased activity was different (Fig 3). The 
crypt cell production rate was significantly lower in contro! 
animals then in the other three groups at 7 days. However, at 
14 days, CDPR in control animals was significantly greater 
than in resacted animals, suggesting a delayed proliferative 
response compared with the resected animals. Crypt cell 
production rate in urogastrone-treated animals was signifi- 
cantly greater than that in all other groups at 14 days. Orni- 
thine decardoxylase activity was significantly reduced in con- 
trol animals at 7 days but was similar among all four groups at 
14 days. 

Maltase activity was lowest in the neomucosa of control 
animals at ” days but sucrase activity was similar (Fig 4). At 
14 days, maltase and sucrase activity were greatest in the 
urogastron2-treated animals. 


COMMENT 


The trophic effects of intestinal resection and systemic 
urogastron2 administration on intestinal regeneration were 
not additive in the present study. While both stimuli indepen- 
dently increased intestinal epithelial cell proliferation and 
epithelialization compared with control animals, combining 
the two dic not have a positive synergistic effect. Similarly, 
Goodlad et al’ found that intestinal resection did not increase 
the proliferative response of the gut to urogastrone in total 
parenteral autrition-fed rats. Intestinal resection enhanced 
epithelialization to a greater extent than did urogastrone but 
the effect cf urogastrone on epithelialization is dose depen- 
dent.‘ In a previous study we found that a higher intravenous 
dose of urogastrone resulted in epithelialization of 70% of the 
patched intestinal defect within 7 days, which rate is similar 
to that achiaved with intestinal resection.‘ 

The lack of synergism of intestinal resection and urogas- 
trone in premoting epithelialization suggests that these stim- 
uli might heve similar mechanisms of action regarding induc- 
tion of prol feration and epithelial cell migration. The exact 
mechanism of the adaptive response to intestinal resection 
remains unclear, but presumably involves a humoral or para- 
crine stimwant such as enteroglucagon with a trophic effect 
similar to that of urogastrone. However, Goodlad et al’ found 
that plasme enteroglucagon levels were elevated after intes- 
tinal resectzon but did not increase after urogastrone infusion, 
suggesting that different mechanisms are involved. Both in- 
testinal res2ction and urogastrone administration are associ- 
ated with increased DNA and protein synthesis in mucosal 
cells that may be related to polyamine biosynthesis.” Similar 
increases ir ODC activity, the rate-limiting enzyme of polya- 
mine synthesis, occurred with both stimuli. Potentially, the 
effects of resection might be mediated by modulation of uro- 
gastrone receptors on epithelial cells. Receptor binding of 
urogastrone responds to the concentration of urogastrone and 
cell density "” These receptors might be up-regulated earli- 
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Fig 2.—Comparisonof intestinal regeneration. Comparative values at 7 (shaded bars) and 14 (open bars) days are shown. 
IR indicates intestinal resection. Top left, Epithelialization. Asterisk represents P<.05 vs subjects with IR, urogastrone, and 
IR and urogastrone; and dagger, P<.05 vs subjects with IR and IR and urogastrone. Top right, Contraction. Asterisk 
represents P<.05 vs control subjects, those with urogastrone, and IR and urogastrone; dagger, P<.05 vs control subjects. 
Bottom left, Neomucosal area. Asterisk represents P<.05 vs subjects with IR, urogastrone, and IR and urogastrone. 
Bottom rigat, Villus height. Asterisk represents P<.05 vs IR, urogastrone, and IR and urogastrone. 
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Fig 3.—Comparison of proliferative activity in regenerating mucosa at 
7 (shaded bars) and 14 (open bars) days. Comparative values are for 
crypt cell production rate (CCPR, top) and ornithine decarboxylase 
activity (ODC; bottom). IR indicates intestinal resection; asterisk, 
P<.05.vs IR, urogastrone, and IR and urogastrone; dagger, P<.05 vs 
control subjects; and double dagger, P<.05 vs control subjects, those 
with IR, and IR and urogastrone. 
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Fig 4.—Comparison of disaccharidase activity in regenerating muco- 
sa at 7 (shaded bars) and 14 (open bars) days. Comparative values 
are shown for sucrase (top).and maitase (bottom) activity. IR indicates 
intestinal resection; asterisk, P<.05 vs IR and urogastrone; dagger, 
P<.05 vs IR; and double dagger, P<.05 vs control subjects and those 
with IR and urogastrone. 
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er, thus explaining the early response, but also down-regulat- 
ed earlier, explaining the decreased response at 14 days and 
the lack of augmentation when combined with urogastrone. 
The intestinal nutrient glutamine has a synergistic trophic 
effect with both intestinal resection and urogastrone, which 
also suggests a similar mechanism of action.” Since both 


: - _ stimuli increase mucosal proliferative activity, perhaps en- 
_. terocyte nutrients are required to meet the energy demands 


“of further mucosal growth. 

The pattern of increase in CCPR during intestinal regener- 
ation is different for intestinal resection and urogastrone. 
Crypt cell production rate and ODC activity were significant- 
ly greater in animals undergoing intestinal resection and/or 
receiving urogastrone than in control animals 7 days after 
patching. However, 14 days after patching, CCPR was high- 
est in urogastrone-treated animals and had fallen below that 
of the control group in the resected animals. Intestinal resec- 
tion abrogated the effect of urogastrone on CCPR at 14 days. 
Thus, urogastrone appears to augment the normal pattern of 
inereased proliferative activity, whereas intestinal resection 
causes a more modest early increase. Furthermore, a previ- 
ous study suggests that the proliferative response to intesti- 
nal resection is more prolonged than with urogastrone.’ 

Since villus height was similar in both urogastrone-treated 
and resected groups, both stimuli appear to influence epitheli- 
al cell migration as well as proliferation. Urogastrone pro- 
motes the chemotactic migration of intestinal epithelial cells 


in vitro. * Urogastrone-treated animals had higher disacchari- 
dase activity than resected animals. This suggests that uro- 
gastrone has a greater effect on differentiation than intestinal 
resection.” 

Consistent with our previous observation, urogastrone in- 
hibited contraction of the patched intestinal defect.” Intesti- 
nal resection, however, caused more rapid contraction and 
decreased urogastrone’s inhibitory effect when these stimuli 
were combined. Contraction of the patched intestinal defect 
does not appear to be related to epithelialization, but occurs 
due to an undefined subepithelial tissue response.” Epider- 
mal growth factor stimulates granulation tissue formation.” 
There may be other potential effects, such as the induction on 
connective tissue cells of growth factor receptors or extracel- 
lular matrix receptors necessary for growth factor action. 
The effect of intestinal resection on contraction after intesti- 
nal patching may be mechanical. However, the inhibitory 
effect ofintestinal resection on urogastrone-stimulated prolif- 
erative activity may also play a role. Thus, intestinal resec- 
tion and urogastrone appear to have different effects on sub- 
epithelial tissue and consequently on contraction of the 
patched intestinal defect. 


This work was supported by grant DK33612 from the National Institutes of 
Health, Bethesda, Md. 
The urogastrone was supplied by the Chiron Corporation, Emeryville, Calif, 
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The Effects of Shear Stress on Endothelial Cell 
Retention and Function on Expanded 


Polytetrafluoroethylene 


~ Howard P, Greisler, MD; Steven Johnson, MD; Kathleen Joyce, PhD; Scott Henderson; Narendra M. Patel; 


“Taha Alkhamis, PhD; Richard Beissinger, PhD; Dae Un Kim, MD 


ə We evaluated the adherence of indium 111-radiolabeled en- 
< dothellal cells to flbronectin-treated expanded polytetrafluo- 
_ foethylene surfaces exposed to high (437 s`’) vs low (218 s `°) 
-shear and the influence of shear on prostacyclin production. 

Canine jugular vein factor Vili-positive endothelial celis in pas- 
gages 3 through 6 were incubated with “Indium-oxine, and la- 
‘beled cells were seeded onto fibronectin-treated expanded poly- 
tetrafluoroethylene patches. Patches with confluent cells were 
exposed to shear in a Weissenberg rheogoniometer for intervals 
ranging up to 60 minutes. Percent endothelial cell retention was 
determined by gamma counting of patches and media and by 
histologic evaluation. Prostacyclin production (tritiated radioim- 
. munoassay of 6-keto-prostaglandin F,,) was assayed on perfus- 
__ ing media. Results showed no differences in 6-keto-prostaglan- 
din F,, production between shear rates or time periods. 
- Endothelial cell retention did not differ between the shear rates. 
Rotational shear caused persistent cell loss over time in either 
< high- or low-shear conditions. This persistent cell loss in re- 
“sponse to steady rotational shear differs from that in response to 
“Identical rates of pulsatile linear shear in our laboratory where 
cell loss approached zero after 15 minutes. 
(Arch Surg. 1990;125:1622-1625) 


T he need for improved small-diameter vascular prostheses 
has led to research of methods to establish an early 
“confluent endothelialized blood-contacting surface. Early 
methods of endothelial cell transplantation resulted in less 
than 20% adherence, which then fell to less than 4% at 24 
“hours after reestablishment of circulation through the im- 
` planted grafts.’ Subsequent studies have shown improved 
-cell adhesion when prosthetic surfaces are pretreated with 
- adhesive proteins, such as fibronectin,” laminin,* or colla- 
_ gen.° Retention of seeded endothelial cells by prosthetic sur- 
- faces has been studied in vitro following application of pulsa- 
_ tile and steady shears in either linear“ or rotational’ models. 

We evaluated, in a rotational-flow device, the adherence of 
indium 111-radiolabeled endothelial cells to fibronectin- 
-treated expanded polytetrafluoroethylene (ePTFE) surfaces 
-exposed to high and low steady shear rates and the influence 
_ of the shear on prostacyclin production. 


MATERIALS AND METHODS 
Biomaterial Composition 


<>> Expanded polytetraflourcethylene (30-~m internodal distance, 
0.36-mm thick; WC Gore Co, Flagstaff, Ariz) was used in this study. 
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Circular patzhes were produced with surface areas measuring 19.6 
em’ and wita diameters of 5 cm. Before inoculation of the material 
with endothelial cells, the ePTFE patches were gas-sterilized with 
ethylene oxide, 


Endothelial Cell Harvesting 


Endothelial cells were enzymatically harvested from canine exter- 
nal jugular veins with use of our previously published’ methods of 
sequential digestion with 0.05% trypsin and 0.05% collagenase and 
were seededinto 25-cem’ culture flasks previously coated with human 
plasma fibrcnectin (10 pm/em’). The cells were maintained in com- 
plete media containing M-199 culture medium (GIBCO Biologic Re- 
search Labcratories, Grand Island, NY), 10% fetal bovine serum 
(Hyclone, Lagan, Utah), beef lung heparin (6 U/mL; Upjohn, Kala- 
mazoo, Mick), and purified type 1 heparin-binding growth factor 
(5 ng/mL)). The cells were incubated at 37°C in a humidified 5% 
carbon dioxie incubator. Culture medium was changed every other 
day. When confluence was achieved, the cells were trypsinized and 
split in a 1:3 vatio until an adequate number of cells were obtained for 
study, At tae time of the second passage of cells, an aliquot of 
suspended calls was stained for factor VIII-related antigen to verify 
endothelial sdentity (avidin-biotin immunoperoxidase, Vector Lab- 
oratories, Burlingame, Calif), All cells in the study were in passages 3 
through 6. 


Endothelial Cell Radiolabeling 


When an adequate number of cells was obtained, they were enzy- 
matically removed from the culture flask and resuspended in com- 
plete medium. Cell counts were performed with a hemocytometer 
with use of zhe trypan blue dye exclusion method. “’Indium-oxine 
(100 uCi/10° 2ells; Syncor, Chicago, Il) was added to the cells, and the 
cells were incubated for 30 minutes at room temperature. Complete 
medium (10 nL) was added to the cells, which were then centrifuged 
at 1000 rpm for 10 minutes and washed twice more to remove unat- 
tached radicactive "In. The washes were saved and assayed for 
radioactivity, along with an aliquot of labeled cells to determine 
labeling effieiency, which averaged 60% in this study. The final cell 
pellet was reconstituted in sufficient volume of complete medium to 
cover the ePTFE patches. 


Endothelial Cell Seeding 


The ePTFE patches were placed in Petri cell culture dishes and 
coated with 10 g/cm? of fibronectin. '"In-labeled cells (2 x 10°/em) 
were seededonto the patches and allowed to sit for approximately 20 
minutes. Complete medium was then added to the Petri dishes, and 
the patches were incubated overnight in a 5% carbon dioxide 
incubator. 


Shear Rate/Shear Stress 


A Weisserberg rheogoniometer (Model R16/R18, Sangamo Wes- 
ton Controle Ltd, Sussex, England) was used in this study with a 
cone-and-plate platen arrangement to shear the endothelial cell- 
seeded ePTFE patches. The patches were applied to the viscometer 
platen surfaees with use of an adhesive material (Glue Stick, Faber 
Castell Distributors, Lewisburg, Tenn). The cone-and-plate platen 
arrangemen-, as shown in Fig 1, comprised a 5.0-cm-diameter lower 
cone with a £.0° cone angle and a 5.0-em-diameter upper flat plate. A 
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Fig 1.—Cone-and-piate platen arrangement: 1 indicates upper shaft; 
2, upper flat plate; 3, conical gap containing the sample; 4, lower 
(cone) platen; 5, rotating lower shaft; and w, direction of rotation. From 
Alkhamis and Beissinger. °? 





perfusate volume of 1.15 mL of M-199 culture medium was contained 
within the conical gap between the upper and lower platens (Fig 1), 
with the lower platen made to rotate at a prescribed angular velocity 
and the upper platen held stationary, while registering a torque 
signal by the twist ofa torsion bar sensed by a displacement transduc- 
er. The cone-and-plate geometry is useful at small cone angles when a 
good approximationto uniform shear is achieved if rotational speed is 
sufficiently slow." Expressions that were used to determine shear 
rate, shear stress, viscosity, and sample volume are shown in Table 1. 
The shear rate is equivalent to the velocity gradient in the cone-and- 
plate geometry, and the shear stress—a tangential force per unit area 
produced by the fluid in motion on the platen surface resisting its 
motion—is equivalent to the product of the measured viscosity and 
the imposed shear rite. 

Two levels of shear rate—218 second’ and 437 second” (corre- 
sponding to shear stresses of about 2.5 and 5.0 dyne/em’, respective- 
ly)— were used in this study. These values approximated the mean 
shear rates (as determined from Poiseuille’s law) of our previous 
study.” In that study. canine external jugular vein endothelial cells 
were affixed to fibronectin-coated ePTFE tubes. The cells were 
subjected to pulsatile linear flow at pressures of 120/80 mm Hg and 
200/100 mm Hg, which were intended to represent normotensive and 
hypertensive conditions. At a flow of 100 mL/min, the shear rates 
were 240 second” and 520 second” for the normotensive and hyper- 
tensive conditions, respectively. 

In the cone-and-plate system, viscosity is used to identify any 
settling of formed elements during the course of the experiment. This 
is easily determined, because under the conditions of steady shear, 
the torque will change if the viscosity changes. 


Time Periods to Be Studied 


We assessed the effect of shear rate/shear stress on the endothelial 
cells at five different time periods. Our control time was before the 
start of the cone-and-plate rotation. After the viscometer was start- 
ed, it was stopped af the following intervals: 15 seconds, 10 minutes, 
30 minutes, and 60 minutes. There were six runs per time interval. 
After each of these time periods, when the cone and plate stopped 
rotating, the upper plate was raised and the perfusate was carefully 
withdrawn from the lower cone with use of a 25-gauge tuberculin 
syringe. The ePTFE material was then carefully removed from both 
the lower cone and the upper platen and was fixed immediately in a 
1% glutaraldehyde/4% fermalin mixture. 


Sample Analyses 


- Onee the perfusate was withdrawn from the cone-and-plate vis- 
cometér, the following laboratory analyses were performed: (1) The 
perfusate was frozer at ~70°C and later assayed for 6-keto-prosta- 
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Table 1.—Expressions for the Determination of the Cone- 
and-Plate Experimental Parameters* 






Expression 

















Shear rate (y) y= ive 

Shear stress {0} o = 3T/2 Re 
Viscosity (n) qe=alY 

Volume (V) V=(2/3)eR°TANO 





*Q indicates the angular velocity of the cone (rad/s); ©, the cone angle (rad): 
T, the torque (G — cm/s’); and R, the radius of the cone and/or plate. 


glandin F, by tritiated radioimmunoassay teehniques (tritiated ra- 
dioimmunoassay, DuPont/New England Nuclear, North Billerica, 
Mass). Before freezing, the perfusate was subjected to counting for 
™Tn in a gamma well counter. The radioactivity of the perfusate was 
expressed as counts per minute per millimeter and was corrected for 
the decay of the "In, (2) Before fixation of the ePTFE patches in the 
glutaraldehyde/formalin mixture, the patches from the upper and 
lower platens were divided into quarters, placed in labeled tubes 
containing the glutaraldehyde/formalin mixture, and subjected to 
counting for radioactivity. The original amount of radioactivity ofthe 
ePTFE patch was calculated as the sum of the radioactivity of all the 
patches and the radioactivity of the perfusate. The retention of 
endothelial cells was calculated as a percent of the original radioactiv- 
ity: C.=C,+C, and EC,=(C/C,) x 100%, where C, indicates initial 
radioactive counts of the ePTFE patch; C,, radioactive counts of the 
ePTFE patch following shearing; C,, radioactive counts of the perfu- 
sate after shearing; and EC,, estimate of the endothelial cell reten- 
tion. All estimates of the endothelial cell retention and cell loss were 
corrected for decay of the “In. 

After counting for radioactivity of the patches, half the samples 
from each group were evaluated by scanning electron microscopy, 
The remaining sections were stained with Gill’s hematoxylin, ‘and 
estimates of cell confluence were determined. Three “blinded” ob- 
servers viewed the patches under the light microscope to determine 
the cell density, which was graded as follows: 4 +, confluent; 3+, . 
nearly confluent; 2+ , nonconfluent; and 1 + , scattered cells, 


Light Microscopy 


Following fixation of all the patches in the 1% glutaraldehyde/4% 
formalin mixture, half the patches were stained with hematoxylin- 
eosin and examined under the light microscope for estimates of cell 
confluence and for histologic analysis. 


Scanning Electron Microscopy 


All specimens were examined under the scanning electron micro- 
scope with the use of previously described standard techniques.” 
Patches were stained with tannic acid—osmium-—thiocarbohydra- 
zide-osmium and dehydrated in graded alcohols. The patches were 
critical-point dried, carbon and palladium evaporated, and viewed 
with a scanning electron microseope GEOL J SM-35,JEOL USA, Ine, 
Electron Opties Division, Peabody, Mass). 


Data Analysis 


The data from all the groups were subjected to a multivariate — 
analysis of variance for detection of differences between groups, with 
a modified ¢ test to detect differences within the groups. P<.05 was 
considered statistically significant. 


RESULTS 


No significant differences in prostacyclin production were 
noted between low and high shear and between the different 
time periods (Fig 2 and Table 2), nor were differences detect- 
ed in endothelial cell retention between low and high shear at 
any time point (Fig 3 and Table 3). However, shear results 
obtained in the rotational viscometer showed persistent cell 
loss over time. At low shear, mean (+SD) endothelial cell. 
retention at 30 minutes and 60 minutes (71.4% + 8.6% and 
59.5% + 6.3%, respectively) was significantly decreased from _ 
control values (92.0% + 3.8%) (P<.02). At high shear, endo- _ 


thelial cell retention at 30 minutes and 60 minutes _ 
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Fig 2.—-6-Keto-prostaglandin F,, production in expanded polytetra- 
fluoroethylene patches as a function of time and shear rate. Hatched 
bars indicate low shear; cross-hatched bars, high shear. 
















Os 15s 10 min 30 min 60 min 


Low shear 68.7 + 66.9 82.2+36.8 60.0 +35.1 55.8 +29.6 40.2+ 18.5 
High shear 56.1 + 29.4 80.5 +40.4 74.4+ 45.6 83.2 + 19.2 50.22 13.2 


*Data are mean + SD. 
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Fig 3.—Percent endothelial cell retention by expanded polytetrafluo- 
roethylene surfaces following exposure to high vs low shear rate. Cell 

: retention was calculated as follows: radioactive counts per minute of 
the graft after shear exposure divided by the initial counts per minute of 
the graft times 100%. Single asterisk indicates significant difference 
from 0 seconds (P<.02); double asterisk, significant difference from 0 
and 15 seconds and 10 minutes (P<.001). Hatched bars indicate low 
shear; cross-hatched bars, high shear. 


(69.4% +4.1% and 52.7% +4.6%, respectively) was signifi- 
cantly decreased compared with control values, and 15-sec- 
ond and 10-minute values (95.8% +0.3%, 86.1%+1.8%, 
83.9% + 1.9%, respectively; P<.001). Cell retention at any 
given time point did not differ between high and low shear. 
Semiquantitative grading of the degree of confluence showed 
a consistent trend with the radioactivity determinations of 
cell retention. 

Light microscopy and scanning electron microscopy 
showed degrees of cell retention consistent with the above 
results. Figure 4 shows the near confluent cell layer following 
exposure to 60 minutes of high shear, while Fig 5 shows the 
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Table 3.—Endothelial Cell Retention 


Os 15s 10 min 30 min 60 min 


Low shea 92.0+7.7 90.3+9.7 76.4+ 16.8 71.4+19.3 59.5214.1T 
High sheer 95.8+0.5 86.1 +3.6 83.9+4.2 69.44+9.2 52.7+10.2$ 













*Data are mean + SD. 

tSignifican’ difference (P<.05) vs 0 seconds, 15 seconds, and 10 minutes. 

+Significam difference (P<.05) vs 0 seconds, 15 seconds, 10 minutes, and 
30 minutes. 


a 


Fig 4.—Top, Photomicrograph of expanded polytetrafluoroethylene 
(ePTFE) surface following a 60-minute exposure to high shear shows 
a confluentiayer of endothelial cells covering the ePTFE (hematoxy- 
lin-eosin, original magnification x 650). Bottom, Scanning electron 
micrograptrof ePTFE surface following a 60-minute exposure to high 
shear shows a confiuent area of endothelial cells. The line between the 
sheet of erdothelial cells is likely an artifact (original magnification 
x 1100). 


similar surface remaining following 60 minutes of exposure to 
low shear. These histologic analyses show areas of cell denu- 
dation, suggesting that cells are shed primarily in clusters 
rather than individually. 


COMMENT 


These results demonstrate a persistent loss of seeded endo- 
thelial cells from the fibronectin-treated ePTFE surfaces as a 
function cf time at a rate not approaching an asymptote. 
There appears to be no significant difference in the rate of cell 
loss unde” high vs low shear conditions at the shear rates 
studied. Longer-term studies may provide insight into the 
duration ef persistent cell loss and possible recovery of cell 
numbers through the process of endothelial cell proliferation. 
However, the results reported herein proved disappointing 
for the clixical strategy of endothelial cell seeding. 

In our study, shear was determined on the basis of relative- 
ly high ard low physiologic levels of shear rate. In a recent 
study” coacerning the effect of artificial surfaces on red blood 
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Fig 5.—Top, Photomicrograph of expanded polytetrafluoroethylene 
(ePTFE) surface following a 60-minute exposure to low shear shows a 
confluent layer of endothelial cells covering the ePTFE (hematoxylin- 
eosin, original magnification x 650). Bottom, Scanning electron mi- 
crocrograph of ePTFE surface following a 60-minute exposure to low 
shear shows a confluentarea of endothelial cells, The line between the 
sheet of endothelial cells is likely an artifact (original magnification 
x 1100). 


cells and platelets. single platelet reduction, ie, the loss of 
platelets due to aggregation and adhesion, correlated with 
shear rate rather than with shear stress. 

Fibronectin is an adhesive protein found in the basement 
membrane and contains the arginine-glycine-aspartic acid 
(RGD) sequence, which promotes endothelial cell receptor 
binding. As such, it is a logical choice for use in the promotion 
of endothelial cell adhesion. Many factors may explain the lack 
of resistance to desquamation following exposure to shear 
stress. Past studies from our group’ have shown that canine 
jugular vein endothelial cells subjected to linear pulsatile flow 
through a pulse-dupiicating apparatus are resistant to des- 
quamation from fibronectin-treated ePTFE surfaces. How- 
ever, the surface area—to-volume ratios of these two systems 
were dissimilar. In the present study, the surface area-to- 
volume ratio was 8.4 times larger than that in our previous 
study.*” The surface area-to-volume ratio can become impor- 
tant at low shears. An examination of the potential for blood 
hemolysis in a rotational viscometer system demonstrated 
that interaction between the blood and the solid interface was 
important in determining the amount of hemolysis." The 
surface-perfusing media interaction may be important in de- 
termining surface effects of the perfusing media on the endo- 
thelial cells. It is thus critical to evaluate the role of steady 
shear obtained in a rotational viscometer vs linear pulsatile 
shear in promoting cell desquamation. The results in our 
present study also differ from those reported previously by 
Pratt et al,” who used a similar cone-and-plate viscometer 
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system. However, their studies were performed on other 
matrices than ePTFE. Another possible explanation for the 
greater resistance to desquamation seen in the pulsatile flow 
model is a cytoskeletal reorganization in response to pulsati- 
lity, leading to increased cell adhesiveness. 

The lack of difference in endothelial cell production of pros- 
tacyclin under high vs low shear was surprising. In related 
studies evaluating the effect of shear on endothelial cell pros- 
tacyelin production, when cells were seeded onto Hytrel 
patches (Dupont, Wilmington, Del), we demonstrated a sig- 
nificant increase in prostacyelin production at 15 seconds 
under the high-shear condition compared with the low-shear 
condition. Moreover, the amount of prostacyclin in the perfu- 
sate increased over time, showing a cumulative effect consis- 
tent with observations by Frangos et al.“ These differences 
may in part reflect the use of ePTFE as a matrix. Further- 
more, the magnitudes of shear in the high-shear conditions 
used by Frangos et al were greater than those used in our 
current study. Thus, the prosthetic material used clearly 
exerts a major effect on endothelial cell function following 
seeding onto fibronectin-treated surfaces. 

For endothelial cell seeding to be a clinically effective tool, 
we need to optimize the adhesion and retention of endothelial 
cells by the surface, but we also need to optimize the microen- 
vironment onto which the endothelial cell is seeded to opti- 
mize the cell's function. The application of a single basement 
membrane-adhesive protein to a highly artificial matrix in 
the hope of promoting endothelial cell retention and optimiz- 
ing its function is in need of further evaluation. It is likely that 
more complex environments must be created for the endothe- 
lial cell to promote its retention and antithrombotic activities 
and not activate the cell to release substances that may lead to 
long-term pseudointimal hyperplastic lesions. 

This study was supported in part by grant ROI HL41272 from the National 
Institutes of Health, Bethesda, Md. 


The human plasma fibronectin and complete media were provided by Wilson 
Burgess, PhD, American Red Cross, Rockville, Md. 
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‘Surgical Aspects of Sclerosing 


Encapsulating Peritonitis 


Dilip S. Kittur, MD, ScD; Subhash W. Korpe, MD; Roman E. Raytch, MD; Gardner W Smith, MD 


; .@ Sclerosing encapsulating peritonitis (SEP) is associated 
__ with the administration of beta-blocking agents as well as contin- 
_ uous ambulatory peritoneal dialysis. The predisposing factors in 
_ the latter group are recurrent peritonitis, presence of acetate in 
- the dialysate, and antiseptics used during bag exchanges. We 
- ¿report a case of SEP following chronic ambulatory peritoneal 
‘dialysis and review the literature on this benign yet potentially 
lethal condition. Sclerosing encapsulating peritonitis frequently 
<> leads to intestinal obstruction, small-bowel necrosis, enterocu- 
taneous fistulas, and malnutrition. There is a high incidence of 
_ anastomotic failure when a resection and primary intestinal 
anastomosis Is performed in patients with SEP. Although SEP is 
“not commonly reported in the surgical literature, its importance 
“> to surgeons Is indicated by the fact that the overall mortality rate 
-Cis close to 60% in patients with SEP who develop surgical 
complications. 
(Arch Surg. 1990;125:1626-1628) 


S clerosing encapsulating peritonitis (SEP) is an infrequent 
but lethal complication of peritoneal dialysis’ and of the 
< administration of B-adrenergic blocking agents.” Since the 

original description of this entity,” sporadic reports of SEP 

have appeared in medical and nephrology journals.***” How- 
ever, the lethality of this disease is related to surgical prob- 
- lems encountered in these patients, such as intestinal ob- 


_ struction, intestinal necrosis, and enterocutaneous fistulas. 


Despite a 60% mortality rate associated with the surgical 
_- eomplications of SEP; there is a paucity of articles regarding 
-- SEP in the surgical literature. 

This report describes a patient with chronic renal failure 
-who had SEP as a consequence of chronic ambulatory perito- 
neal dialysis (CAPD). The SEP eventually progressed to 

< subacute and then acute small-bowel obstruction, leading to 
massive intestinal necrosis. In the context of this case, we 
-` review the literature pertinent to the surgical problems 
caused by SEP, since these problems have not been widely 


appreciated by surgeons. The patient's protracted course and 


numerous complications indicate that SEP is more of a surgi- 
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cal entity than is currently recognized. This review provides a 
balanced perspective on the etiology, pathology, clinical pre- 
sentation, and management of this dire complication of perito- 
neal dialysis and treatment with beta-blockers. 


REPORT OF ACASE 


A 41-year-old black man developed chronic renal failure in 1973 and 
underwent remodialysis for 9 years. In March 1982, a Tenchehoff 
catheter wes placed, and CAPD was started. During CAPD, the 
patient did not develop bacterial or fungal peritonitis. However, after 
29 months o” CAPD, a Pseudomonas aeruginosa infection developed 
at the exit site of the dialysis catheter. This necessitated removal of 
the cathete~ and resumption of hemodialysis. Two subsequent at- 
tempts to place a catheter for CAPD failed because of numerous 
adhesions between the abdominal viscera and the parietal 
peritoneum 

Approximately 3 years after CAPD was discontinued, the patient 
developed andominal pain, intermittent diarrhea, and constipation. 
Results of contrast studies of the upper gastrointestinal tract were 
unremarkakle except for a questionable antral ulcer. Six months later 
he was hospitalized for partial small-bowel obstruction. By this time 
he had overt malnutrition. Results of physical examination were 
remarkable for a palpable mass in the central portion of the abdomen. 
Plain films ef the abdomen showed dilated small-bowel loops and air 
fluid levels. A subsequent small-bowel series demonstrated disten- 
tion of the stomach, duodenum, and jejunum as well as numerous local 
dilatations af the small bowel. There were also areas of localized 
thickening consistent with inflammatory changes in the bowel wall 
(Fig 1). The patient was treated nonoperatively until his presentation 
to the emergency department 4 months later with the clinical and 
radiologic pecture of acute small-bowel obstruction (Fig 2). Explor- 
atory laparctomy revealed that the whole small intestine was encased 
ina thick ard fibrous peritoneal capsule characteristic of SEP. Adhe- 
sions were lysed, and 2.4 m of clearly gangrenous small bowel had to 
be resected with a primary anastomosis to restore intestinal continu- 
ity. Pathologic examination of the resected specimen showed a mark- 
edly thickered and fibrous serosa, with areas of ischemia, as well as 
necrosis of mucosa, submucosa, and muscularis. On the seventh day 
after surgery, the patient developed an anastomotic leak, leading to 
peritonitis end multiple intra-abdominal abscesses. He underwent 
exploratory surgery again, and the bowel was diverted by construct- 
ing an entexocutaneous fistula proximally and an ileostomy distally, 
while the akscesses were drained. 

Postoperstively, the patient received total parenteral nutrition 
until the inf'ammation was resolved and healing was complete. After 
8 months ar: attempt was made to close the ileostomy; this failed due 
to anastomctie dehiscence. Accordingly, another ileostomy was cre- 
ated, but ths patient eventually died of sepsis. 
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Fig 1.~—Small-bowel series taken 2 months prior to the patients 
presentation with acute small-bowel obstruction. The examination 
reveals multiple areas of dilatation and narrowing in the small intestine 
and delayed emptying of the contrast material. 


COMMENT 


Sclerosing encapsulating peritonitis occurring as a compli- 
cation of CAPD is elinically characterized by a relentless 
progression from nausea, vomiting, abdominal pain, and im- 
paired ultrafiltration during CAPD to complete small-bowel 
obstruction, necessitating surgical intervention. Pathologi- 
cally, SEP appears te be an inflammatory process that trans- 
forms the peritoneal membrane into thick fibrous tissue due 
to fibroconnective tissue proliferation. The fibrous tissue 
eventually replaces the normal mesothelial lining of both the 
visceral and parietal layers of the peritoneum. Although this 
is a histologically benign process, its clinical significance is 
indicated by a reperted mortality rate of 60% within 4 months 
of diagnosis. ' In this context, it is remarkable that our patient 
was alive 14 months after the diagnosis of this lethal complica- 
tion. The possible factors pertinent to his survival are dis- 
cussed below. 

In an international registry of 68 patients, Slingeneyer’ has 
identified four factors in the development of SEP among 
patients undergoing CAPD: (1) recurrent peritonitis, (2) the 
presence of acetate in the dialysate, (3) antiseptics used dur- 
ing bag exchanges, and, possibly, (4) the concomitant oral 
administration of beta-blocking agents. In view of these risk 
factors, the most plausible pathophysiologic event in the de- 
velopment of SEP appears to be an inflammatory process 
initiated by peritonitis and peritoneal exposure to antibioties. 
This irflammatory response would then progress to the de- 
velopraent of serosal fibrosis, leading to SEP.” The most 
popular hypothesis appears to be recurrent episodes of peri- 
tonitis as a causative factor.’ Novello and Port,” elaborating 
on this thesis, postulate that various bacteria release endo- 
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Fig 2.— Plain film of the abdomen at the time of the patients presenta- 
tion to the hospital with acute complete smail-bowel obstruction. Note 
the complete absence of gas in the colon and rectum. 


toxins that stimulate monocytes to produce interleukin 1, 
which in turn causes fibroblasts to proliferate and deposit 
collagen. Acetate in the dialysate may act similarly, by caus- 
ing an inflammatory response of the peritoneum.” Various 
antiseptics, such as formaldehyde, chlorhexidine," and sodi- 
um hypochloride,”” have been thought to incite SEP, proba- 
bly by a similar mechanism. An interesting feature of our case 
is that, to our knowledge, our patient was never exposed to 
any of the above-mentioned risk factors. He also did not take 
any of the beta-blockers,’ such as practolol,’’ propranolol,’ 
metoprolol, and atenolol," that have been implicated in the 
development of SEP. 

The absence of previously reported etiologic agents in our 
patient leads us to conclude that the mere presence of the 
silicone catheter in the peritoneal cavity was sufficient to 
evoke an intense fibrotic reaction. Others have implicated the 
silicone catheter itself in the pathogenesis of SEP.°” Another 
possibility is the hypersensitivity of certain individuals to 
mild peritoneal stimulation, bringing about an exaggerated 
interleukin 1 response, with consequent deposition of exces- 
sive amounts of collagen and fibrous tissue. The normal heal- 
ing of bowel anastomoses may well be hampered by this 
peritoneal thickening, resulting in an increased incidence of 
anastomotic leaks and enterocutaneous fistulas. 

The most common complications of SEP appear to be intes- 
tinal obstruction, small-bowel necrosis, enterocutaneous fis- 
tulas, and malnutrition. Our patient presented to the surgical 
service with acute small-bowel obstruction and subsequently 
manifested the entire gamut of these complications. In addi- 
tion to the fibrous and thickened peritoneum encapsulating 
the small bowel, he had necrosis of about 2.4 m of intestine. 
Intestinal anastomoses failed to heal on two separate occa- 
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sions. This suggests that, when patients with SEP need 
- intestinal resection, primary anastomosis may be unwise, and 

complications may be avoided by construction of an enterosto- 

my: The malnutrition that is common in these patients may 
‘further delay intestinal healing and should be treated aggres- 

sively. Given our early success in treating this patient with 
“long-term home hyperalimentation, we fully agree with Pusa- 
_ teri et al” that long-term home parenteral hyperalimentation 
forms an integral part of the management of SEP and its 
complications. We further believe that, at least in some cases, 
-ahn aggressive surgical approach to this complication may be 
more hazardous than long-term nutritional management. 


Clearly, however, necrotic intestine must be resected. 

The surgical complications of SEP are potentially lethal. In 
general, a 1onaggressive surgical approach may be beneficial 
in these patients, considering the poor healing capability of 
intestinal anastomoses. If laparotomy and resection of gan- 
grenous bcwel is necessary, enterostomies may be preferable 
to primary anastomoses. Finally, the value of total parenteral 
nutrition im these patients cannot be overemphasized. 


Dr Korpe acknowledges the assistance of R. D. Birla Smarak Kosh, of 
Bombay, India, We thank Pamela Morris for secretarial assistance in preparing 
the manuscript. 
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Apolipoproteins A-I and B as Predictors of Angiographically Defined Coronary Artery 


Disease 


Riehard A. Reinhart, MD; Kosasih Gani, MD; Michael R. Arndt, MT; Steven K. Broste, MS 


Apolipoprotein A-I and B concentrations were measured in 50¢ patients undergoing diagnostic cardiac 
catheterization to assess the predictive power of apolipoproteins B and A-I to discriminate between patients 
with coronary artery disease and those with normal coronary arter-es as defined by coronary arteriography. 
The strength of the associations was compared with that of the associations between traditional risk factors 
(eg, smoking status, cholesterol levels) and coronary artery disease. The study population consisted of 154 
women (mean age, 62.9 years) and 348 men (mean age, 59.6 years). The apolipoprotein A-I concentration 
averaged (+SD) 12425 mg/dL and the apolipoprotein B concentration, 98+24 mg/dL. In all cases, the 
apolipoprotein measures showed a larger univariate difference be:ween the “normal” (no coronary artery 
disease) group (66 patients) and the group with coronary artery disease (436 patients) than did the 
corresponding standard lipoprotein measures. The variable with the strongest association with coronary 
artery disease was the ratio of apolipoprotein A-I to apolipoprote:n B, followed by apolipoprotein B level. 
These findings were confirmed using logistic regression, adjusting for other coronary artery disease risk 
factors. Fasting status did not affect apolipoprotein A-I or B conzentrations. We conclude that the use of 
apolipoprotein A-I and B concentrations gives additional informatioa to that supplied by lipoprotein measures 
to help predict the presence of coronary artery disease. Since trad tional lipid measures may be changed by 
a meal, apolipoproteins A-I and B might be more useful measures when the fasting status of a patient is in 


question (Areh Intern Med. 1990;150:1629-1633). 
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Resident Training 


-To the Editor. —In the April 1990 issue 
‘of the ARCHIVES, Doerr et al' reviewed 
a 10-year experience with pancreatico- 
 duodenectomy at four teaching hospi- 
_ tals of the State University of New 
- York, Buffalo. There were 61 cases, an 
_ average of six per year and 1.5 per hos- 
_ pital per year. Fifty-five residents per- 
_ formed one pancreaticoduodenectomy 
during their training; three residents 
did two such procedures. Operative 
morbidity and mortality were an ac- 
ceptable 36% and 8%, respectively. The 
authors conclude that these results jus- 
tify preserving pancreaticoduodenec- 
tomy as an important part of surgical 
_ training. Training for what? Such limit- 
ed experience hardly connotes exper- 
tise; it arguably fails to impart even 
“competence. Furthermore, as noted by 
Barnes’ in the same issue, 60% to 75% of 
present general surgical graduates go 
on to other fields (eg, cardiothoracic 
-surgery and plastic surgery). Few of the 
_ latter are likely to perform complex 
_ pancreatic surgery again, yet they re- 
-ceive the same experience as those who 
are planning a career in general surgery 
and will need skills in this area. Doerr et 






al seem to believe that because opera- 


tions such as pancreaticoduodenectomy 
are technically demanding, and safely 
performed by residents, they represent 
_ valuable teaching tools to be used by all, 
regardless of career choice. However, 
_ the same could be said for coronary by- 

pass, kidney transplantation, major 
-vascular reconstruction, and cleft 
lip/palate repair, which are also techni- 
cally demanding and more commonly 
performed than pancreaticoduodenec- 
tomy. If the goal of general surgical 
training is merely to impart all-purpose 


technical proficiency, it would be more 


productive to use cases of the latter type 
for such teaching, rather than rare oper- 
ations like Whipple's. operation. This 
would return surgical education to what 
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it once was, and produce true “general” 
surgeons. 


NATHAN W. PEARLMAN, MD 
LAWRENCE W. Norton, MD 
GREGORY V. STIEGMAN 4, MD 
Denver, Colo 


1. Doerr RJ, Yildiz I, Flint LM. Pancreazicoduo- 
denectomy: university experience and xesident 
education. Arch Surg. 1990;125:463-465. 

2. Barnes RW. The next generation of -urgical 
residencies: what are the challenges and the oppor- 
tunities? Arch Surg. 1990;125:433-436. 


In Reply.—The article that Drs Pearl- 
man, Norton, and Stiegmann refer to 
included the clinical results of radical 
pancreaticoduodenectomy withia the 
context of a surgery resident eduzation 
program, as well as observations re- 
garding the educational value c this 
complex and demanding operatior.. 

The purpose of complex surgical ex- 
perience during residency is to provide 
a demanding exercise in the integration 
of knowledge, technical skill, and judg- 
ment in a patient care situation in which 
the stakes are high but the envirorment 
is controlled by an experienced feculty 
supervisor so that maximum patient 
safety is achieved. In our artice we 
sought to support this conceptual ap- 
proach to one operation, radical. pan- 
creaticoduodenectomy. We hoped to 
provide evidence that the resident 
training environment provides censis- 
tent pressure for improved results 
through identification of critical judg- 
ment and technical factors. 

Drs Pearlman, Norton, and f£tieg- 
mann are obviously distressed thet the 
current conduct of resident training 
may not impart uniform expertise to 
trainees who will later practice surgery. 
They apparently consider the perfor- 
mance of operations such as radica? pan- 
creaticoduodenectomy by trainees who 
will later practice a specialty otherthan 
surgery to be misappropriation of edu- 
cational resources. They further be- 
moan the fact that a high proportion of 


graduates of residencies in surgery seek 
education in other disciplines after their 
residency. It is worth considering 
whether availability of experience in 
complex operative procedures is related 
to the problem of retention of surgical. 
trainees within the specialty of surgery. 

In my opinion, the problem of reten- 
tion of excellent trainees within the spe- 
cialty is unrelated to the assignment of 
the resident to particular services or to 
the caseload allocation within a residen- 
cy program. It is more likely that the 
choice of training has to do with per- 
ceived needs for practice location and 
life-style rather than the availability of 
operative experience. Furthermore, it 
seems relevant that we assign the prob- 
lem of decreasing numbers of “true gen- 
eral surgeons” to its proper place as part 
of a symptom complex that is represen- 
tative of an underlying disease process. 
I believe that the symptom of nonreten- 
tion is the result of the fragmentation of 
our specialty at the hands of the people 
who practice and teach it. The initia- 
tives undertaken recently by leadership 
organizations such as the American 
Board of Surgery, the American Col- 
lege of Surgeons, and the American 
Surgical Association should serve as a 
remedy. As a program director and 
practicing surgeon, I join my colleagues 
from Colorado in pledging my determi- 
nation to end fragmentation. 

Channeling scarce clinical experience 
to prepare residents to practice surgery 
seems desirable. The absence of a na- 
tional consensus among the boards and 
residency review committees of the var- 
ious surgical specialties relative to the 
duration and content of training for indi- 
viduals seeking to practice specialties 
such as thoracic, plastic, and pediatric 
surgery hinders the development of a 
consistent policy that is fair to all 
trainees. 


LEWIS M. FLINT, MD 
New Orleans, La 
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GENERAL/VASCULAR surgeon: Two-person sur- 
gical group seeks a U.S.A. trained BC/BE surgeon 
with general and vascular surgery and endoscopic 
experience. Growing northeast Wisconsin commu- 
nity, stable economy, and three progressive hospi- 
tals having all medical services available. Excellent 
location for outdoor activities and egsy access for 
travel. Excellent salary and benefits leading to part- 
nership. Send CV to: Box #913, c/o ADS. 


Oncologic Surgeon 
Multi-specialty group in suburban Philadel- 
phia needs a BE/BC oncologic surgeon for 
Clinical practice. Preference given to candi- 
dates with thoracic and vascular expertise. 
Endoscopic skills also desired Excellent 


benefits and salary leading to full partner- 
ship position. Send curriculum vitae and 
references to: 
SURGICAL SERVICES, LTD. 
Moss Plaza, Suite 206, 9892 Bustleton Avenue 
Philadeiphia, PA 19115 
Attention: Robin E. Rosenberg, MD 


ORTHOPAEDIC SURGEONS — general, spinal or 
pediatric. Busy two-person orthopaedic group 
seeks BE/BC orthopaedic surgeon to begin as soon 
as possible. Excellent opportunities with booming 
practice. PT affiliation. Large referral base. Superb 
compensation and benefits package including sign- 
ing bonus, guaranteed base salary with productivity 
incentives. All overhead covered by group. Send CV 
to: Physician Recruiter, 2353 Brachton Avenue, 
Germantown, TN 38138. EOE/M/F/V/H. 


BC/BE GENERAL/THORACIC SURGEON — Cali- 
fornia: We need a general surgeon who is aiso 
trained in thoracic surgery and interested in an 
excellent practice doing general and thoracic 
surgery (no open heart}. We offer the opportunity to 
establish your own private practice with no invest- 
ment, guaranteed income. Well equipped 112-bed 
full service hospital. A growing area with new busi- 
nesses and stable economy. Our service area popu- 
lation is now 90,000. Located in central California 
near Sequoia National Park, Tulare otters an excel- 
lent family-oriented lifestyle with all expected amen- 
ities. Beautiful homes, located close tc hospital and 
office, are affordably priced. Good schools, many 
community activities and abundant recreation 
including golf, tennis, skiing, mountain and eques- 
trian activities. Easy access to all California's major 
metropolitan and resort areas. Please contact: 
Tulare District Hospital Physician Recruiting Office, 
P.O. Box 90112, Los Angeles, CA 30009. (800} 
468-2687. 


100 MEMBER, multi-specialty, fee-for-service 
medical group seeks BC/BE general surgeon with 
vascular capability and trauma experiance desired 
in pleasant, growing northern California community 
two hours from San Francisco, Yosemite and the 
Sierras. Excellent benefits, salary and facilities. 
Send CV to: C.V. Allen, MD, Medical Director, 600 
Coffee Road, Modesto, CA 93555. 


IMMEDIATE OPENING for board-eligibie or 
-certified surgeon, preferably with endoscopy expe- 
rience, at progressive VA medical center located in 
Michigan's upper peninsula. This well-equipped, 
200-bed general medical and surgical center offers 
competitive salary and benefits. The community 
offers ideal family living in town of 18,000 people 
with good schools, low cost of living, short commut- 
ing distance, and year-round recreational activities. 
Applicants should reply to: Chief of Staff, VA Medi- 
cai Center, iron Mountain, MI 49801. Equal oppor- 
tunity employer. 





















GENERAL SURGEON: Marshfield Clinic, a multi 
specialty group practico with 350 physicians is seek- 
ing BE/BC general surgeons to join expanding ] 
regional centers in Chippewa Falls and Park Falls, 

Wisconsin. Chippewa Falls is located 1 hours from | 
downtown Minneapolis/St. Paul and borders Eau | 
Claire, Wisconsin, a city of nearly 80,000 which |. 
includes a major four year campus of the University | 
of Wisconsin. Known as the “Grouse Capital of 
World”, Park Falls isa beautiful wooded area’ 
abundance of lakes, rivers and streams. A 





















ng 
benefit package. For additional information, please. 
send CV and references to: David L. Draves, Direc- 
tor of Regional Development, 1000 North Oak 
Avenue, Marshfield, WI 54449, Or call collect at: 
{715) 387-5376. : 


GENERAL SURGEON, BC/BE, vascular desirable, 

not essential, to join wel! established surgeon. in 
Atlanta, Georgia. Excellent salary/benefits. Early 
partnership. Send CV to: Box #916, c/o AOS. 


MENDOCINO COUNTY — immediate opening:in 

beautiful coastal northern California for full-time 
BC/BE generai/vascular surgeon with trauma expe+ 
rience. Send CV to: Julie Campbell, Mendocino: |- 
Coast District Hospital, 700 River Drive, Fort Bragg, 
CA 95437. Or call: (707) 961-1234. 


GENERAL SURGEON — 42-year-old ‘BC general 

surgeon is seeking BC general surgeon to share 
busy solo practice. Interest in endoscopy is needed 
The practice is in a historic, rural, centrally located 
Texas town with good churches, schools and recrea- | 
tional facilities. Hospital is non profit and communi- © 

ty owned. Reply: Box #915, c/o AOS. 


















GENERAL SURGEON 


Excellent opportunity for the right indi- | | 
vidual to join solo general, vascular and 
thoracic surgical practice. 


Candidate should be BE/BC with post- 
residency vascular or cardiothoracic | 
training or experience. 1991 candidates. 
considered. Above average benefits, 
leading to early partnership, Modern, 200- 
bed hospital with wide referral area. 


Beautiful Ithaca, New York, home of 
Cornell University nas been recently 
rated “the best small city in the East”. 


Send CV to: 
Box #912, c/o AOS 


VASCULAR SURGEON — Multi-speciaity group 
suburban Philadelphia needs a vascular surgeon 
from certified program for clinical practice. Excel 
lent benefits.and salary leading to full partne: 

position. Send curriculum vitae and references to: 
Surgical Services, Ltd., Moss Plaza, Suite 206, 98 
Bustieton Avenue, Philadelphia, PA 19115. 


COLO-RECTAL SURGEON — Multi-specialty — 
group in suburban Philadelphia needs a BE/BC 

colo-rectal surgeon for clinical. practice. Excell 
benefits and salary leading to full partnership posi 
tion. Send curriculum vitae and references to; 
Surgical Services, Ltd., Moss Plaza, Suite 206, 9892 
Bustleton Avenue, Philadelphia, PA 19115. Atten- 
tion: Robin Eric Rosenberg, MD. 




































PLEASE NOTE—Address replies to box number 
ads as follows: Box number, , c/o AOS, 
P.O. Bor 1810, Clearwater, FL 34617. 






























































Surgical group serving a small, 
rural community of approxi- 
mately 25,000 is looking for a 
university hospital-trained, 
board-certified or board-eligible 
general surgeon. 

Practice is located next door to 
a progressive 76-bed acute care 
hospital. Area is year-round 
-outdoor resort with hunting, 
fishing, hiking, snow-skiing, 
water-skiing, and many other 
outdoor recreational activities. 
Located 120 miles southeast of 
‘Pittsburgh and 200 miles west 
-ot Baltimore. West Virginia Uni- 
“versity Medical Center is located 
60 miles to the west. 


Contact: 
C. William Fedde, MD 


` Garrett Surgical Group 


Suite 1,311 North 4th Street 
Oakland, MD 21550 
(301) 334-8282 


AND CALL US IN THE MORNING 
Group, associate and solo opportunities are 
available in a variety of settings. Here are a 


few to pick from: 
| Colon-and Rectal Surgeon Otolaryngologists 


| Denver, CO Alabama 
| General Surgeons Denver, CO 
| Alabama Jacksonville, FL 
Central Florida Kissimmee, FL 
‘South Florida Somerset, KY 
Atlanta, GA louisiana 
Beaumont, TX Natchez, MS 
San Antonio, TX Layton, UT 
Bluefield, WV 
Neurosutgeons 
Monigomery, AL Layton, UT 
South Florida Greenbrier 
Dodge City, KS Valley, WV 
Orthopedic Surgeons 
Alabama Louisiana 


los Angeles Co., CA 
Central Florida 


Chattanooga, IN 
Morristown, TN 


South Florida Beaumont, IX 

Atlanta, GA Richlands, VA 

Dodge City, KS Bluefield, WV 
Urologists 

| Denver, CO Kansas City, MO 

Central Florida Natchez, MS 

Augusta, GA Beaumont, TX 


Call TOLL-FREE 1-800-626-1590, or send your 
curriculum vitae to: Manager, Professional 
Relations, Humana inc, Dept. OO-12, 500 West 
Main Street, Louisville, KY 40201-1438, 


Humana’ 


General SURGEON 















WANTED: BE/BC general surgeon with interest and 
experience in non-cardiac thoracic surgery. or 
thoracic surgeon. who enjoys general surgery, to 
assume practice of retiring double boarded thora- 
cic/general surgeon. 34 member, multi-specialty 
group in dynamic area hub city of 35,00C. with six 
satellite offices in strategic locations, and referral 
area of 300,000 plus. Superb hospital facilities, 
including CT, MRI, cardiac surgery, neurosurgery, 
etc. Directed toward those concerned abaut quality 
family lifestyle and professional concerns. Contact: 
Recruitment Coordinator, Park Clinic, &0 North 
Eisenhower Avenue, Mason City, IA 50401. Or dial: 
{800} 798-4321 fort more information. 


GENERAL SURGEON — Olmsted Medica Group is 
experiencing continuous growth and currently 
seeking a BC/BE general surgeon to join a busy, 
two-physician department. Excellent opportunity 
for a well-trained physician to join a 50 plus physi- 
cian multi-speciaity group in a dynamic, progressive 
practice. Affiliate hospital recently underwent com- 
plete renovation/expansion. Competitive salary/ 
comprehensive benefit package: malpractice insur- 
ance, flexible benefits plan, 401K and profit sharing, 
relocation assistance. Send CV: Oimstec Medical 
Group, Attention: Susan Schuett, 210 Nieth Street 
Southeast, Rochester, MN 55904. 


ATTENTION PHYSICIAN RECRUITERS. The 
“Classified Advertising” sections now im all nine 
AMA Specialty Journals target the phys:cian you 
want. These highly visible sections out your 
message in the hands of every specialist that quali- 
fies for your professional opportunity, every month. 
To place the ad of your choice, any size, call toll 
free: (800) 237-9851. 


SURGEON with interest/experience in hemodialy- 
sis access to manage 400-450 cases per year as part 
of a large, established, mid-Atlantic cardiovascular 
and thoracic surgical practice. ABS required; salary, 
incentives and call schedule negotiable. Send CV to: 
Box #918, c/o AOS. 


CARDIOTHORACIC 
SURGEON 


Wanted — BC/BE cardiothoracic surgeen with 
interests in adult cardiac, thoracic and peri- 
pheral vascular surgery. Physician wil’ join a 
large, well established group in central Ohio. 
Please respond with curriculum vitee and 
references to: 

Robert F. McVicker, MD 

931 Chatham Lane 

Columbus, OH 43221-2485 


GENERAL/VASCULAR SURGEON—BC/BE with 
recent training to join established two-person prac- 
tice in southeastern Massachusetts. Interest in vas- 
cular surgery required. Busy practice is: based at 
275-bed community teaching hospital lecated 25 
miles from Boston. Send CV or call: Kelly McMahon, 
Daniel Stern and Associates, 211 North Whitfield 
Street, Suite 240, Pittsburgh, PA 15296. (800) 
438-2476. 


GENERAL SURGERY — Opportunity tc live and 
work in the beautiful state of Hawaii. Established in 
1903, The Honolulu Medical Group is seeking a 
BC/BE general surgeon to join our 45-ohysician 
multi-speciaity group. We offer the opportunity to 
retain control of the medical directive while eliminat- 
ing the headaches of administration and secruiting. 
Pius an attractive salary/benefits package and an 
excelient working environment. Send CV'to: Chair- 
man, Physician Recruitment, The Honolulu Medical 
Group, 550 South Beretania Street, Honolulu, HI 
96813. Or FAX to: (808) 531-4179. Equal opportunity 
employer. 










































































































BOARD- CERTIFIED/BOARD-ELIGIBLE general 
surgeon for thriving, muiti-specialty group located 
in a beautiful, upper-midwestern communéy. Region 
is on the Missouri River in an area of rolling grass- 
lands and spectacular lakes. Join group or be an 
independent contractor. Enjoy a busy practice with 
time off. Very generous salary or net income guaran- 
tee of at teast $130,000. Full benefits included. Paid 
intervieiwing and relocation expenses. Send CV or 
call: Chuck Brazell, Jackson and Coker. inc., 115 
Perimeter Center Place, Suite 380 ASO, Atlanta; GA 
30346. Telephone: (800) 544-1987. 












Are you a Surgeon looking for 


The World’s 
Best Kept Secret 


Are you looking for challenging and 
outstanding opportunities for profession- 
al growth? Do you value a good school 
system, low crime rate, clean air and): |. 
unsurpassed scenic beauty? Then St: 
Mary's Hospital in Pierre, South Dakota 
is what you are looking for. 


Nestled in the rolling hills along the 
Missouri River, Pierre offers a wide 
range of recreational activities. If you: 
enjoy the outdoors, you will love Lake 
Oahe which offers boating, sailing and 
trophy fishing. Pierre is famous for its 
excellent waterfowl, pheasant and ante- 
lope hunting. 


if you are a board-certified or -eligible 
surgeon and interested in joininga busy 
practice in this warm friendly communi- 
ty of 15,000, and a service area of 40,000, 
then come join our growing active medi- 
cal staff at St. Mary’s Hospital in Pierre, 
South Dakota. Enclose vitae. ; 


RON OLINGER 
PHYSICIAN RECRUITMENT 
P.O. Box 66, Pierre, SD 57501 

(605) 224-8851 
or 
JAMES RUSSELL 
ADMINISTRATOR 
ST. MARY’S HOSPITAL 
800 East Dakota, Pierre, SD 57501 
(605) 224-3158 










































































SPARTA, GEORGIA— General surgeon to join tam- 
ily practice physician in association. Community of 
2,000 has 52-bed hospital. Located about one hour 
from Atlanta, Macon, Augusta, and Athens. Situated 
on Lake Oconee. $120,000 salary plus malpractice, 
benefits, and automobile, Interviewing and reloca- 
tion expenses paid. Send CV or call: Greg Pilgrim, 
Jackson and Coker, Inc., 115 Perimeter Center 
Place, Suite 380, ASO, Atlanta, GA 30346. Tele- 
phone: (800) 544-1987. 





VASCULAR SURGEON— Well established vascular 
surgery practice in the Pacific northwestseeks addi- 
tional fellowship trained vascular surgeon, Excel- 
lent salary/benefits. Send CV to: Box #919, c/o AOS, 


NORTH CAROLINA OPPORTUNITIES: ‘General’. 
surgery, vascular surgery. BE/BC only. Call: Richard 
Blackburn, (800) 448-5965. CV to: Box 665, Moores- 
ville, NC 28115. 


HCR 


Health Care Recruiting 
NATIONWIDE 





James Ransom 
160 N.W. Irving 
Suite 201-B 
P.O. Box 1221 
Bend, Oregon 
97709 
800-323-1732 
503-382-1732 








Search Firm 


















LOVINGTON, NEW MEXICO: General surgeon, 
needed for solo practice under the warm sun of- 
southeastern New Mexico; assistance with start-up 
costs is available. Excellent practice potential in this 
peaceful, family-oriented community, close to warld- 
renowned Carlsbad Caverns. Contact: NM Health | 
Resources, Box 27650, Albuquerque; NM 87125. : 
(505) 260-0993. Not-for-profit. no-fee placement. 











PRACTICE MANAGEMENT, insurance billing, 
medical records, and electronic claims systems: 
American Medical Software (800) 423-6836. 


Surgice Service for this 
73-bed medical center with a 
120-bed (plus 69 additional beds 
<eurrently under construction) 
ursing home care unit. 


eare affiliated. with Temple 
University School of Medicine, 
Hahnemann University Schooi of 
Medicine, Episcopal Hospital, 
_ Philadelphia, Pennsylvania and 
have an active surgical 
residency program. 


Wilkes-Barre is ‘ocated near 
Pocono Mountains resort area 

and is within a 22 hour drive of 

: New York City and Philadelphia, 
Pennsyivania. 


: For additional information contact: 


William K. Grossman, MD 
Chief of Staff 


(717) 821-7207 


An equal opportunity employer. 


Surgical 
Oncologist 


436-bed teaching hospital in the 
midwest is seeking a dynamic 
surgical oncologist to aid in major 
_ expansion of its cancer program. 
~The selected candidate will become 
an integral part of a brand new, 
free-standing cancer treatment 
center comprised of two 
-= hematologist / oncologists and 
“one radiation oncologist. 


Position consists of heavy 
involvement in clinical practice with 
‘built-in referrals plus academic 
teaclyng for a Big Ten university. 
“Growing service population is now 
‘$00,000. The position offers a 
competitive salary and practice plan 
with excellent benefits. 


__ Please direct i inquiries along with 
-curriculum vitae to: 


Robert Earthal 
Cejka & Company 
222 S. Central Avenue 
eee St. Louis, MO 63105 
(800) 365-2237 or 
e 4).726-0026 ee) 









Join 


eGeneral Orthopedic e 


Experience the freedom to focus on your outstanding surgical skills rather than 
administrative duties. We provide you the freedom, technology and resources to 
focus on quality patient care, the collaborative support of knowledgeable colleagues 
and the opportunity to make a significant contribution to your field. 


Our compensation and benefits 


e Guaranteed practice and income e Paid educational and sabbatical leaves 
e Professional liability insurance æ Life, disability, 


Send your curriculum vitae to: Irwin P. Goldstein, M.D., Associate Medical 
Director, SCPMG, Dept. 018, Wainut Center, Pasadena, CA 91188-8013. 


Or call: (800) 541-7946. 


ith KAISER PERMANENTE 
KA Southern California Permanente 
Medical Group 
Partners Practicing Good Medicine 





_ Professional Opportunities 


GENERAL SURGEON: Outstanding opportunity 
for recently trained general surgeon to join estab- 
lished practice in metropolitan Pittsburgh. Extremely 
busy general surgical group practices exclusively at 
respected 390-bed community hospital. Desirabie 
location convenient to award-winning public schoois 
and affordable housing in one of America’s “most 
livable cities". Send CV or calil: Kelly McMahon, 
Danie! Stern and Associates, 211 North Whitfield 
Street, Suite 240, Pittsburgh, PA 15206. (800) 
438-2476. 








Faculty Positions _ 


ACADEMIC SURGEON—A large teaching hospital 
located in Brooklyn, New York is currently seeking a 
board-certified or board-eligible academic surgeon 
for a full-time faculty position offering university 
appointment. The successful candidate should have 
a demonstrated record of teaching ability and an 
interest in residency program training systems. 
Along with daily teaching on rounds and in the 
operating room, the successful candidate will be 
involved with alf departmental activity related to res- 
ident education, such as house staff evaluation, 
examinations, and conference presentation. Candi- 
dates with special interest in trauma, surgical nutri- 
tion and metabolism are encouraged to apply. inter- 
ested individuals are invited to send curriculum vitae 
to: Box NPM-RS, 300 East 42nd Street, New York, 
NY 10017. An equal opportunity employer, M/F/H/V. 





PLASTIC SURGEON NEEDED. Busy and success- 
ful plastic surgeon moving to Hawaii. Prime out- 
patient surgical suite for lease, tocated in Salinas, 
California, adjacent to Satinas Valley Memorial 
Hospital, total services hospital in thriving commu- 
nity of 108,000, 18 miles from Monterey Carmel area, 
and the picturesque, world famous Monterey Penin- 
sula. Reply: Box #911, c/o ADS. 


Partnership 
of Choice 


Southern California Permanente Medical Group 
(SCPMG) is recognized as the nation’s largest and most respected physician- 
managed, multi-specialty medical group. Our continued growth has created new 
practice opportunities available throughout Southern California for: 


SURGEONS 


















The 


Vascular e Thoracic 


package includes: 
medical and dental coverage. 


MEDICAL DIRECTOR—Trauma service: Medical _ 
director for trauma and critical care needed for 


major tertiary care facility providing trauma service | 


for southwestern Connecticut. 535-bed hospital has.” 
general surgery and orthopedic residency programs. 
Opportunity for appointment to Yale University: 
Hospital-based position with excellent call/cover- 
age. Salary and full benefits. Send CV or call: David 
Cornett. Jackson and Coker, inc., 115 Perimeter 
Center Place, Suite 380 ASO, Atlanta, GA 30346. 
Telephone: (800) 544-1987. 


REACH 
37,844 
SURGEONS 


If you are 
searching for 
a qualified specialist... 


We Target 
The Physician 
You Want! 

The February issue of 


the Archives of Surgery closes 
December 24th. 


Call us today 

to reserve your space. 
800-237-9851 
813-443-7666 
































what blood 
type you or your 
employees are, if 
youre donors, 
you're the t}¥pes 
this world can't 
live without. 
Please give. 
Contact your 
local American 
Red Cross 
Chapter for 
details. 








American Red Cross 


: to carcinoembryonié entigen, and isotype of immunoglobulin by en- 

 zyme-linked immunosorbent assay (ELISA) were determined for the 
supernatant of each visible hybridoma. The reactive clones were 
subcloned by limiting dilution.” 


Supernatant of Pokeweed Mitogen-Stimulated 
T Lymphocytes (sPWM-T) 


Human T lymphocytes were prepared from heparinized peripheral 
blood lymphocytes by the E rosette technique.” Briefly, peripheral 
-blood lymphocytes were obtained by Ficoll-Hypaque density gradi- 
ent centrifugation (Pharmacia, Piscataway, NJ). The lymphocytes 
were then treated with L-leucine methyl ester, 2.5 mmol/L (Sigma, 
St Louis, Mo), to reduce inhibitory cells (natural killer-like cells, 
cytotoxic T lymphocytes, and a subset of CD8* T cells) for IVI, as 
described previously.” The T helper-enriched preparation was ob- 
tained by incubating the L-leucine methyl ester-treated lymphocytes 
with sheep red blood cells (Cappel, Durham, NC). The sheep red 
blood celis were then lysed with red blood cell lysing solution (Sigma). 
A 1:100- dilution of pokeweed mitogen (GIBCO, Grand Island, NY) 
was added to T cells ata concentration of 4 x 10°/L in complete RPMI 
1640 supplemented with 10% autologous serum and incubated for 48 
hours. The supernatant obtained after centrifugation to remove the 
“pokeweed mitogen-stimulated T cells was designated sPWM-T. Su- 
` pernatant of mixed lymphocytes culture (sMLC) was prepared by 
- mixing heterologous lymphocytes of two patients at a ratio of 1:1, 
witha final concentration of 4 x 10°/L, and cultured for 72 hours. Both 

` gupernatants were stered at — 20°C until use. 


IVi 


Lymphocytes from.carcer patients were cultured in complete me- 
-dium with either 25%.sFWM-T or 25% sMLC (vol/vol). Carcinoem- 
bryonic antigen (CEA) was used for IVI. Purified CEA at various 
-eoncentrations was added to the stimulated lymphocytes for a period 
of 5 to.6 days. At the enc of the culture, the viability of the lympho- 
cytes was determined by 0.05% trypan blue exclusion prior to fusion. 
The mean viability was approximately 70%. 


ELISA 


Enzyme-linked immunosorbent assay was performed to assess 
immunoglobulin production and tumor reactivity of hybridomas, as 
described elsewhere.” Briefly, the ELISA plates were prepared by 
coating the plates with HT-29 or CaCO2 cells at 5 x 10° cells per well. 
After blocking with phosphate-buffered saline-0.5% bovine serum 
albumin solution, 50 pL of the testing supernatant was added to each 
well for 1 to 2 hours at room temperature. After washing, horseradish 
peroxidase-conjugated goat anti-human immunoglobulin (anti-lgM . 
and anti-IgG were from Jackson, West Grove, Pa, and anti-lgA was... 
from Zymed, San Francisco, Calif) was added for an incubation of 45.» 
minutes. The substrate, orthophenylenediamine, was added for color 
reaction, The plates were read at 492 nm with a microplate reader 
(MR 700, Dynatech Laboratories Inc, Chantilly, Va). The back- 
ground optical density (OD,) was obtained by substituting phosphate- 
buffered saline~bovine serum albumin solution for the testing super- 
natant; it was 0.050 or lower. At the 96-well stage, supernatants with 
ODs greater than 0.250 were regarded as positive. Subsequently, 
because few IgM-secreting clones bound nonspecifically to the 
ELISA plates, new criteria were established to evaluate the ELISA 
results: 

Criterion A: AOD < 1.000 and OD, — OD, > 0.200, and 
Criterion B: AOD = 1.000 and OD, — OD, > 0.150, 
where AOD = OD, ~ OD, OD, (sample OD) represents the OD 
obtained from specific binding of supernatant to the antigen-coated: 
ELISA plates, and OD, (false OD) represents the OD obtained from: 
nonspecific binding of supernatant to the ELISA plates without 
antigen coating. 


Immunoperoxidase Staining of Colon Cancer Cells 


A cytology smear of HT-29 cells or CaCO2 cells was fixed with cold 
acetone for 10 minutes. Cells were stained by the direct immunoper- 
oxidase method. Horseradish peroxidase~conjugated goat anti~hu- 
man IgM was used as the secondary antibody. The color was devel-. < 
oped with diaminobenzidine (Sigma). The pattern of staining was: 


Table 1.—Hybridoma Formation by Patients’ Lymphocytes From Lymph Nodes With and Without IVI* 


© sPWM-T sMLC 





No. of clones o ooo o 
per 10” lymphocytes 
from lymph nodes 





No: of HT-29 
tumor-reactive 
clones/ 

No. of wells 
plated (%) 

No. of HT-29 
tumor-reactive 
clones per 107 
lymphocytes 
from lymph nodes 

No. of stable 
HT-29 tumor- 
reactive clones 

No. of stable 
CEA-reactive 
clones} 1 1 

Names of 
stable clones 


4/80 (5) §/480 (1) 8/192 (4.2) 





PA1-1, PA1-2 


and GEA, carcinoembryonic antigen. 






Tumor or CEA reactisity was determined after expansion of the clones. 
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. PA2-1, PA2-2, PA2-3 
*IVI indicates in vitro: immunization; sPWM-T, supernatant of pokeweed mitogen-stimulated T lymphocytes; sMLC, supernatant of mixed lymphocytes culture; 


1/192 (0.5) 2/576 (0.3} 6/120 (5) 3/128 (2.3) 1/288 (0.3) 














0 





MA2-1 PA3-1, PA3-2,:PA3-3 





tWe used lymphocytes fram three lymph nodes of a single patient with colon cancer to generate human monoclonal antibodies by three protocols. The A1 lymph 
node was closest to and the A3 lymph node was farthest from the main tumor mass. 


Human Monoclonal Antibodies—Koda et al 


~ 


Generation of Human Moncclonal Antibodies 


Against Colon Cancer 


Keiji Koda, MD; Mark C. Glassy, PhD; Helena R. Chang, MD, PhD 


e Lymphocytes from regional lymph nodes of patients with 
colon cancer were fused with a human lymphoblastoid cell line 
with or without in vitro immunization. The efficacy of these two 
protocols for the generation of human monocional antibodies 
against colon cancer was investigated. The hyperplastic lymph 
nodes adjacent to the tumor were the best source of B lympho- 
cytes. Fusion frequency and the number of tumor-reactive 
clones were markedly increased when the in vitro immunization 
protocol was applied prior to fusion, As a stimulant in in vitro 
immunization, the supernatant of pokeweed mitogen—stimulated 
T lymphocytes was superior to the supernatant of mixed lympho- 
cytes culture. Carcincembryonic antigen at 20 pg/L seemed to be 
the optimal dose for in vitro immunization. The reactivities of 
human monocional antibodies thus generated were measured by 
enzyme-linked immunosorbent assay and confirmed by immu- 
noperoxidase staining. Combining in vitro immunization with 
lymphocytes of cancer patients may lead to the successful pro- 
duction of clinically useful human monoclonal antibodies. 

(Arch Surg. 1990;125:1591-1597) 


ince the first report of human monoclonal antibody 

(HuMAb) production using Epstein-Barr virus in 1977 by 
Steinitz et al, many efforts have been made to generate 
clinically useful HuMAbs. However, the development of 
HuMAbs has been limited compared with the development of 
mouse monoclonal antibodies. Thisis due primarily to the lack 
of ideal human fusion partner cells and the lack of effective 
protocols of immunization to enrich the sensitized B lympho- 
cytes. The production of chimeric HuMAbs with the Fe por- 
tion of the mouse monoclonal antibody replaced by human 
counterparts” and the production of specific HuMAbs from 
Epstein-Barr virus transformed lymphocytes have not led to 
significant changes in the clinical application of HuMAbs. On 
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the other hand, results of efforts to generate HuMAbs with 
defined specificity by primary in vitro immunization (IVI) of- 
human lymphocytes are encouraging.*” et 

Human monoclonal antibodies have been produced against 
tumor-associated antigens by using lymphocytes derived 
from cancer patients.” This suggests that cancer patients - 
have tumor-specific B lymphocytes. However, B lympho- 
cytes specific to tumor-associated antigens are extremely few. 
in the natural state. The aim of this study is to improve the 
yield of HuMAbs reactive to colon cancer. We explored a 
combined approach with IVI protocols and lymphocytes from 
cancer pacients. The optimal condition of IVI was studied, 
and the effect of nodal status on the production of tumor- 
reactive haman hybridomas was examined. 


MATERIALS. AND METHODS 
Lymphocytes of Lymph Nodes 


Halves of seven lymph nodes of three patients with colon cancer. 
were harvested from fresh colectomy specimens. The remaining 
halves were submitted for histopathologic study. The lymphocytes 
were cryopreserved at -- 70°C until use. The viabilities before and 
after cryopreservation were approximately 99% and 90%, respec- 
tively. Three lymph nodes from each of the two patients used in the 
study were designated Al, A2, and A3 and B1, B2, and B3. “One”. 
indicated that the lymph node was closest to the main tumor massand: 
“3” referred to the farthest regional lymph node. One lymph node, 
harvested from the third patient, was referred to as lymph node C. 


Cell Lines 


A humar B lymphoblastoid cell line derived from parental WIL-2 
cells,“ SHFP-1, was the human fusion partner cell line used in this. 
study. Colon cancer cell lines HT-29 and CaCO2 were obtained from ` 
American “ype Culture Collection, Rockville, Md. They were eul- 
tured in REMI 1640 medium supplemented with 10% to 20% fetal calf 
serum. 


Fusion and Cloning 


The maixtenance of SHFP-1 cells and the fusion procedure have 
been described in detail elsewhere." Briefly, one part of lymphocytes 
from the lymph nodes and two parts of SHFP-1 cells were fused with 
50% polyetaylene glycol 1500 (Beringer, Mannheim, Germany). The 
hybrids were selected by medium containing hypoxanthine, aminop- 
terin, and tnymidine (Beringer). Reactivity to HT-29 cells, reactivity 
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due to indicated organisms 


ravenous or Intramuscular Use 
SUMMARY 


SICATIONS AND USAGE 
ATMENT, CEFOTAN® (cefotatan disodium) is indicated for the therapeutic treatment of the 
owing infections when cause by susceptible strains of the designated organisms: 
tract Infections causecity E coli, Klebsiella species (including K pneumoniae}, Proteus 
Abilis and Proteus sp (whictumay include the organisms now called Proteus vulgaris, Providencia 
and Morganella morgasit. 
respiratory 





s aureus {penicillinase- and nonpenicil- 
A pyogenes and Streptococcus 
jes {excluding enterococci, and E coli. 
infections causediiy Staphylococcus aureus” (including penicillinase- and nonpenicil- 
é-producing strains), Stapayoceccus epidermidis, Streptococcus species (excluding entero- 
ci), E coli, Proteus mirabilis,..eisseria gonorrhoeae, Bacteroides species (excluding 8 distasonis, 
atus, B thetaiotaomicron), iusobacterium species,” and gram-positive anaerobic cocci (including 
Atococcus and Peptostreptocaccus si acies 
a-abdominal infections cauzed by È coli, Klebsiella species (including K pneumoniae}, Strepto- 
us species (excluding entesexocci), and Bacteroides species (excluding B distasonis, B ovatus, 
ihetalotaomicron), 
Bone and Infections causec by Staphylococcus aureus." 
Efficacy for this organism in tis organ system was studied in fewer than ten infections. 
Specimens for bacteriologica: examination should be obtained in order to isolate and identity 
Causative organisms and to determine their susceptibilities to cefotetan. Therapy may be instituted 
before results of susceptibility studies are known; however, once these results become available, the 
cantibiotic treatment should be adjusted accordingly. 
iiin cases of confirmed or suspected gram-positive or gram-negative sepsis or in patients with other 
ous infections in which th sative organism has not been identified, it is possible to use CEFOTAN 
comitantly with an aminoglicaside. Cefotetan combinations with aminoglycosides have been shown 
synergistic in vitro gans many Enterobacteriaceae and aiso some other gram-negative bacteria. 
dosage recommended in the: labeling of both antibiotics may be given and depends on the severity 
‘the infection and the patient” condition. 

“NTE: If CEFOTAN and an aminmelycoside are used concomitantly, renal function should be carefully 
onitored, especially if higher dosages of the aminoglycoside are to be administered or if therapy is 
‘longed, because of the potential sephrotoxicity and ototoxicity of aminoglycosidic antibiotics. 

: aihough, to date, fephrotoxicity has not been noted when CEFOTAN was given alone, it is possible that 
ae dl var may be potentiassd if CEFOTAN is used concomitantly with an aminoglycoside. 
: The preoperative administration of CEFOTAN may reduce the incidence of certain 
stoperative infections in patients undergoing surgical procedures that are classified as clean con- 
inated or potentially contantinated (eg, cesarean section, abdominal or vaginal hysterectomy, trans- 

‘ethral surgery, biliary tract , and gastrointestinal surgery). 
The pr etic dose of C should be administered 30 to 60 minutes prior to surgery. In pa- 

ents undergoing cesarean sectien, CEFOTAN should be administered intravenously after the clamping 

caf the umbilical cord. 

\ If there are signs and symptoms ot infection, specimens for culture should be obtained for identifica- 
on of the causative organism so that appropriate therapeutic measures may be initiated. 

DNTRAINDICATIONS 

EFOTAN is contraindicated in patients with known allergy to the cephalosporin group of antibiotics. 


RNIN 
Bvtore therapy with CEFOTAN E instituted, careful Inquiry should be made to determine whether the 
-patient has had lous hy: nsitivity reactions to ¢ disodium, cephalosporins, 
penicillins, or other gl i: product should be given cautiously to penicillin-sensitive patients. 
Antibiotics should be administered with caution to any patient who has demonstrated some form of 
callergy, particularly to js. itan allergic reaction to Ci 


‘Serious acute hypersensiti mergency measures. 
Pseudomem reported use of cephalosporins (and other broad- 
Spectrum antibiotics}; theretor:, it is important to consider its diagnosis in patients who develop 
‘diarrhea in association with amisiotic use. 
. Treatment with broad-spectrum: antibiotics may alter normal flora of the colon and may permit over- 
growth of clostridia. Studies insieate a toxin produced by Clostridium difficile is one primary cause of 
antibiotic-associated colitis. Chavestyramine and colestipol resins have been shown to bind the toxin in vitro. 
Mild cases of colitis may respond to drug discontinuance alone. Moderate to severe cases should be 
managed with fluid, electrolyte: and protein supplementation as indicated. When the colitis is not re- 
lieved by drug discontinuance, ar when it is severe, oral vancomycin is the treatment of choice for anti- 
biote seed pseudomembranous colitis produced by C difficile. Other causes should also be considered. 















GENERAL: As with other broad:szectrum antibiotics, prolonged use of CEFOTAN may result in over- 
growth of nonsusceptible org , Careful observation of the patient is essential. If superinfection 
does occur beh therapy, appeprigte measures should be taken. 

in common with many other “road-spectrum antibiotics, CEFOTAN may be associated with a fail in 
prothrombin activity. Those at esx include patients with renal or hepatic impairment or poor nutri- 
tional state, the elderly and patents with cancer. Prothrombin times should be monitored in patients at 
tisk and exogenous vitamin K ailministered as indicated. 
i SEON should be used wit: caution in individuals with a history of gastrointestinal disease, par- 
aicularly colitis ` 
É; ION FOR PATIENTS: ‘Ac with some other cephalosporins, a disulfiram-like reaction 
characterized by flushing, sweaiieg, headache, and tachycardia may occur when alcoho! (beer, wine, 
utc.) is ingested within 72 hours after CEFOTAN administration. Patients should be cautioned about the 
ingestion of alcoholic beverage. following the administration of CEFOTAN. 
DAUG INTERACTIONS: Aithougn to cate nephrotoxicity has not been noted when CEFOTAN was given 
alone, it is ae that nephrosoxicky may be potentiated if CEFOTAN is used concomitantly with an 









aminoglycoside. 
DRUGILABORATORY TEST INTERACTIONS: A false positive reaction for glucose in urine may occur 
with Benedict's or Fehling’s solucion. 

As with other cephalosporins: high concentrations of cefotetan may interfere with measurement of 
serum and urine creatinine levetis by Jaffe reaction and produce false increases in the levels of 
dreatinine reported. 
od JESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Although long-term studies in 
animals have pot been performed to evaluate carcinogenic potential, no mutagenic potential of 
tefotetan was found in standare: taboratory tests. 
__ Cefotetan has adverse effectson the testes of prepubertal rats. Subcutaneous administration of 
mg/kg/day {approximately &-%6 times the usual adult human dose) on days 6-35 of life (thought to be 
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developmentally analogous to late childhood and Nepalis in humans) resulted in reduced testicular 
weight and seminiferous tubule degeneration in 10 of 10 animais, Affected celis included spermatogonia 
and spermatocytes; Sertoli and Leydig ceils were unaffected. incidence and severity of lesions were 
dose-dependent; at 120 mg/kg/day (approximately 2-4 times the usual human dose) only 1 of 10 treated 
animals was affected, and the degree of degeneration was mild. 

Similar lesions have been observed in experiments of comparable design with other methylthiotetrazole- 
containing antibiotics and impaired fertility has been reported, particularly at high dose levels. No 
testicular effects were observed in 7-week-oid rats treated with up to 1000 m day SC for 5 weeks, or 
in infant dogs (2 weeks old) that received up to 300 mg/kg/day IV for 5 weeks. The relevance of these 
findings to humans is unknown. 

USAGE IN PREGNANCY: ory B: Reproduction studies have been performed in rats 
and monkeys af doses up to 20 times the human dose and have revealed no evidence of impaired tertit- 
ity or harm to the fetus due to cefotetan. There are, however, no adequate and well-controfied studies in 
dregnant women. Because animal reproductive studies are not always predictive of human response, 
this drug should be used during pregnancy only if clearly needed. 
USAGE IN NURSING MOTHERS: Cefotetan is excreted in human milk in very iow concentrations, Cau- 
tion should be exercised when cefotetan is administered to a nursing woman. 

USE: Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS 
n clinical studies, the following adverse effects were considered related to CEFOTAN therapy. 
Sasiraimianiaa ‘aces occurred in 1.5% of patients; the most frequent were diarrhea (1 in 80) and 
rausea (1 in 3 
Hematologie laboratory abnormalities occurred in 1.4% of patients and included eosinophilia (1 in 200), 
positive direct Coombs’ test (1 in 250), and thrombocytosis (1 in 300). 
ł enzyme elevations occurred in 1.2% of patients and included a rise in SGPT {1 in 150}, SGOT 
i4 in 300), alkaline phosphatase (1 in 700}, and LDH {1 in 700). 
'iyperseasitivity reactions were reported in 1.2% of patients and included rash {1 in 150) and itching 
ít in 700). 
\ocal effects were reported in less than 1.0% of patients and included phlebitis at the site of injection 
{1 in 300), and discomfort (1 in 500). During postmarketing experience with CEFOTAN, anaphylactic 
reactions and transient thrombocytopenia have been reported. 
DOSAGE AND ADMINIST! 





TREATMENT. The usual adult dosage is 1 or 2 grams of CEFOTAN administered intravenously or intra- 
muta svety 12 hours for 5 to 10 days. Proper dosage and route of administration should be deter- 


mined by the coadition of the patient, severity of the infection, and susceptibility of the causative organism, 
GENERAL GUIDELINES FOR DOSAGE OF CEFOTAN 
Type of infection Dally Dose Frequency and Route 
Urinary Tract 1-4 grams 500 mg every 12 hours IV or IM 
1 or 2 g every 24 hours IV or IM 
1 of 2 g every 12 hours IV or IM 
Other Sites 2-4 grams 1 or 2 g every 12 hours IV or IM 
Severe 4 grams 2 g every 12 hours IV 
Life-Threatening 6° grams 3 g every 12 hours IV 


*Maximum daily dosage should not exceed 6 grams. 


PROPHYLAXIS: To prevent postoperative infection! clean contaminated or potentially contaminated 
surgery in adults, the recommended dosage is 1 or 2 g of CEFOTAN administered once, intravenously, 
30 to 60 minutes prior to surgery. in patients undergoing cesarean section, the dose should be admin- 
istered as soon as the umbilical cord is clamped. 

IMPAIRED RENAL FUNCTION: When renal function is impaired, a reduced dosage schedule must be 
employed. The ‘ollowing dosage guidelines may be used. 





DOSAGE GUIDELINES FOR PATIENTS 
Creatinine Clearance WITH IMPAIRED RENAL FUNCTION 
mL/min Dose Frequency 
>30 Usual Recommended Dosage” Every 12 hours 
40-30 Usual Recommended Dosage” Every 24 hours 
<10 Usual Recommended Dosage* Every 48 hours 


“Dose determined by the type and severity of infection, and susceptibility of the causative organin. 
Alternatively, the dosing interval may remain constant at 12 hour intervals, but the dose reduced to 
one-half the usual recommended dose for patients with a creatinine clearance of 10-30 mL/min, and 
ene-quarter the usual recommended dose for patients with a creatinine clearance of less than 10 mL/min. 
When only serum creatinine levels are available, creatinine clearance may be calculated from the 
following formuia. The serum creatinine level should represent a steady state of rena! function. 


Weight (kg) x (140 - age) 


Males: — OOOO 
72 x serum creatinine (mg/100 mL) 


Females: 09 x value for males 

Cefotetan is dialyzable and it is recommended that for patients undergoing intermittent hemodialy- 
sis, one-quarter of the usual recommended dose be given every 24 hours on days between dialysis 
and one-half the usual recommended dose on the day of dialysis. 
HOW SUPPLIEC 


CEFOTAN is a dry, white to pale yellow powder supplied in viais containing cetotetan disodium equiv- 
alent to 1 g and-2 g cefotetan activity for intravenous and intramuscular administration. The 1 g dose is 
available in 10 mL and 100 mL vials, and the 2 g dose is available in 20 ml. and 100 mi. vials. CEFOTAN 
is also available in a pharmacy bulk package of 10 g in 100 ml. vials. The vials should not be stored at 
temperatures above 22°C and should be protected from light. A ; 

ig in 10 mL vial (NDC 0038-0376-10): 2 gn 20 mL vial (NDC 0038-0377-20); 1 g in 100 mL. vial 
{NDC 0038-0376-11}; 2 g in 100 mL vial (NDC 0038-0377-21): 10 g in 100 mi vial (NDC 0088-0375-10). 


Manufactured ter 


STUART PHARMACEUTICALS 


A business unit of IC! Americas inc. 


Wilmington, Delaware 19897 USA Rev. 1 11/88 63985-01 
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